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Abstract
We present the full two-loop β-functions for the minimal supersym-
metric standard model couplings, extended to include R-parity violating
couplings through explicit R-parity violation.
1 Introduction
The supersymmetric extension [1, 2] of the Standard Model(SM) which introduces
new scalar particles for SM fermions and new fermionic particles for SM bosons is a
model which baryon (B) and lepton (L) number are not automatically conserved in the
renormalisable Lagrangian. In the SM, the baryon and lepton number are conserved
automatically because it is impossible to write down renormalizable gauge-invariant
interactions that violate baryon and lepton number. However, in supersymmetric
extensions of the SM new interactions are allowed to violate baryon or lepton number,
so a discrete symmetry is often imposed to prohibit the unwanted interactions that
violate B and/or L and lead to unacceptably large effects [3]. The most common
discrete symmetry is R-parity which is defined [4]:
Rp = (−1)
2S+3B+L
, (1)
where S is the spin of the particle. All SM particles including the two scalar Higgs
doublets are even under this transformation, and their superpartners are odd, which
forces SUSY particles to always be made in pairs and forbids decay of the Lightest
Supersymmetric Particle (LSP).
Alternatively, since R-conservation is not theoretically motivated by any known princi-
ple one can allow the B and L violating interactions to remain in the susy lagrangian,
and constrain the couplings to be consistent with present experimental data. Both
present of possible baryon and lepton number violating couplings may lead to unac-
ceptably large effects such as proton decay. However; one can consider scenario which
allow B or L violating interactions [4]. Therefore, the possibility of R-nonconservation
deserves consideration. If we require a supersymmetric Standard Model which is only
minimal in particle content the superpotential is modified to allow for additional R-
parity violating interactions. R-parity violating interactions come from either super-
potential terms which violate baryon number, separate terms which violate lepton-
number, or from soft supersymmetry breaking terms. There are different kinds of
such terms, of dimensions 4, 3, or 2, with a potentially rich flavour structure.
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The rich phenomenology implied by R-parity violation has now gained full atten-
tion in the search for supersymmetry. The R-parity violating terms in supersym-
metry have theoretical and phenomenological implications in supersymmetric theo-
ries [6],such as:generating majorana neutrino masses, mediating various flavour and
lepton number violating processes, modifying the signatures of supersymmetric parti-
cles at colliders, and possibility of decay of the lightest supersymmetric particle(LSP).
It can also modify the Higgs sector [7, 8].
All parameters of the MSSM lagrangian such as gauge couplings and Yukawa couplings
are scale dependent when one renormalizes the theory and replaces the bare parameters
of the theory with running parameters. They are energy, or equivalently distance,
dependent through virtual corrections. One can relate the values of these parameters
at different scales using the Renormalisation Group Equations(RGEs), which involve
the β-functions. We know low-energy supersymmetry is a perturbative theory, which
relates observed phenomena at low energies to physics at very high-energy scales. For
example, it is remarkable that in the MSSM, the three gauge couplings appear to unify
at scale 2−3×1016GeV (the GUT scale). With the parameters of the model specified at
the input GUT scale by some candidate organizing principle, one can run the couplings
and masses down to low energies using the renormalization group equations and make
predictions about the sparticle masses and other low-energy phenomena. Therefore
the knowledge of the β-functions and anomalous dimensions of the theory is vital. The
gauge β functions and the matter multiplet anomalous dimensions have been calculated
up to four and three loop respectively [9, 10] in the R-parity conserving (RPC) case.
The full three loop β-functions including soft β-functions have been presented in [11].
The two loop gauge β functions and anomalous dimensions in the R-parity violating
(RPV) case have been calculated in [13]. In particular, Ref [12] contained a complete
set of one-loop β-functions for RPV parameters. The full two loop β-functions for the
baryon number violating (BNV) couplings have been presented in [14]. In this paper,
we shall write down explicitly all possible R-parity violating terms in the framework
of the Minimal Supersymmetric Standard Model, assuming the most general breaking
of R-parity, and then will complete results of two loop β-functions for all R-parity
violating parameters of the MSSM.
2 Beta Functions
For a general N = 1 supersymmetric gauge theory with superpotential
W =
1
2
µ
ijΦiΦj +
1
6
Y
ijkΦiΦjΦk + L
iΦi, (2)
the standard soft supersymmetry-breaking scalar terms are as follows
−Lsoft =
1
2
b
ij
φiφj +
1
6
h
ijk
φiφjφk +
1
2
(m2)
j
iφ
i
φj +
1
2
Mλ¯λ+ h.c. (3)
Here λ is the gaugino and M is its mass. The renormalization group equations for the
gauge coupling and the superpotential parameters are given by:
βg = µ
dg
dµ
, βijk = µ
dYijk
dµ
, βij = µ
dµij
dµ
and βi = µ
dLi
dµ
, (4)
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where µ is the renormalization mass scale. The β-functions βijk, βijand βi are deter-
mined by the anomalous dimension (γ) of the chiral supermultiplet Φi as follows:
β
i = Ljγij
β
ij = µikγjk + µ
kj
γ
i
k
β
ijk = Y ijlγkl + Y
ilk
γ
j
l + Y
ljk
γ
i
l . (5)
The one loop results for the gauge coupling βg and γ are given by:
16π2β(1)g = gQ, 16π
2(γ(1))ij = P
i
j , (6)
where Q and P ij are given by:
Q = T (R)− 3C(G)
P
i
j =
1
2
Y
ikl
Yjkl − 2g
2
C(R)ij , (7)
where Yijk = (Y
ijk)∗ and T (R) is the Dynkin index summed over all chiral multiplets.
The Casimir invariants C(G) and C(R)ij are defined by:
T (R)δab = Tr(RaRb), C(G)δab = facdfbcd, and C(R)
i
j = (RaRa)
i
j . (8)
The two loop β-functions for the dimensionless couplings are given by:
(16π2)2β(2)g = 2g
5
C(G)Q− 2g3r−1C(R)i
j
P
j
i , (9)
(16π2)2γ
(2)i
j = [−YjmnY
mpi − 2g2C(R)pjδ
i
n]P
n
p + 2g
4
C(R)ijQ, (10)
where r is the number of generators of the symmetry group, and Q and P ij are defined
above.
The complete exact results for the soft -functions are given by [15, 16, 17]:
β
ij
b = γ
i
lb
lj + γjlb
il − 2γi1 lµ
lj − 2γj1 lµ
il
β
ijk
h = γ
i
lh
ljk + γjlh
ilk + γklh
ijl − 2(γi1 lY
ljk + γj1 lY
ilk + γk1 lY
ijl)
βMa = 2Θ(
βga
ga
)
(βm2)
i
j =
[
△+X
∂
∂ga
]
γ
i
j , (11)
where
Θ =
(
Mag
2
a
∂
∂g2a
− hlmn
∂
∂Y lmn
)
(12)
(γ1)
i
j = Θγ
i
j (13)
△ = 2ΘΘ∗ + 2MaM
∗
ag
2
a
∂
∂g2a
+ Y˜lmn
∂
∂Ylmn
+ Y˜ lmn
∂
∂Y lmn
. (14)
Here M is the gaugino mass, Y˜ ijk = (m2)ilY
jkl + (m2)jlY
ikl + (m2)klY
ijl, and
X
NSVZ = −2
g3
16π2
S
[1− 2g2C(G)(16π2)−1]
, (15)
3
where
S = r−1 tr[m2C(R)]−MM∗C(G), (16)
C(R), C(G) being the quadratic Casimirs for the matter and adjoint representations
respectively and X function above is given in the NSVZ scheme [18]. Eq. (11)holds
in a class of renormalisation schemes that includes DRED′ [19], which we will use
throughout. There is no corresponding exact form for X in the DRED′ [19]; however
we only require here the leading contribution which is the same in both schemes; the
subleading DRED′ contribution is given in Ref [20] . These formulae can readily be
specialised to the case of the RPV MSSM and their implementation can be automated.
3 The R-parity violating MSSM scenario
The unbrokrn N = 1 theory is defined by the superpotential
W =W1 +W2, (17)
where
W1 = ǫab
[
(YU )ijQ
ax
i H
b
2U
c
jx + (YD)ijQ
ax
i H
b
1D
c
jx + (YE)ijL
a
iH
b
1E
c
j − µH
a
1H
b
2
]
, (18)
and
W2 = ǫab
[
1
2
(ΛEk)ijL
a
i L
b
jE
c
k + (ΛDk)ijL
a
iQ
xb
j D
c
kx
]
+
1
2
ǫxyz(ΛUi)jkU
cx
i D
cy
j D
cz
k
−ǫabκ
i
L
a
iH
b
2). (19)
In above equations, there is a summation over the generation indices (i, j, k = 1, 2, 3)
and gauge indices (x, y, z = 1, 2, 3 and a, b = 1, 2). ǫab and ǫxyz are totally anti-
symmetric tensors.
The soft SUSY breaking Lagrangian is given by:
− Lsoft = (m
2
Q˜
)ijQ˜
†
i Q˜j + (m
2
L˜
)ijL˜
†
i L˜j + (m
2
U˜c
)ijU˜
c
i U˜
†c
j + (m
2
D˜c
)ijD˜
c
i D˜
†c
j
+(m2
E˜c
)ijE˜
c
i E˜
†c
j +m
2
H2
Hˆ
†
2Hˆ2 +m
2
H1
Hˆ
†
1Hˆ1 +
[
(hU )ijHˆ2Q˜iU˜
c
j
+(hD)ijHˆ1Q˜iD˜
c
j + (hE)ijHˆ1L˜iE˜
c
j −BHˆ1Hˆ2 + h.c.
]
+
[
1
2
M1B˜B˜ +
1
2
M2W˜W˜ +
1
2
M3g˜g˜ + h.c.
]
− L2, (20)
where we have suppressed SU(2) indices. Here B˜, W˜ and g˜ are the gaugino fields,
Q˜, U˜ , D˜ and L˜, E˜ are the squark and slepton fields, respectively, and Hˆ1,2 are the
SU(2) doublet Higgs fields. L2 includes terms which violate R-parity and it is given
by:
− L2 = ǫab
[
1
2
(hEk)ijL˜
a
i L˜
b
jE˜
c
k + (hDk)ijL˜
a
i Q˜
xb
j D˜
c
kx + h.c
]
+
[
1
2
ǫxyz(hUi)jkU˜
cx
i D˜
cy
j D˜
cz
k −DiHˆ
a
2 L˜ia + h.c
]
+L˜†ia(m
2
L˜iH1
)Hˆa1 + Hˆ
†a
1 (m
2
H1L˜i
)L˜ia (21)
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4 Renormalization group equations for the R-
parity violating MSSM scenario
In In this paper we present the full two loop beta functions in the R-parity violating
(RPV) MSSM scenario. Firstly, We demonstrate the results for the Yukawa coupling
β-functions. In terms of the anomalous dimensions, the Yukawa β-functions are given
by[13]:
d
dt
(YE)ij = (YE)ikγ
Ej
Ek
+ (YE)ijγ
H1
H1
+ (YE)kjγ
Li
Lk
− (ΛEj )kiγ
H1
Lk
(22)
d
dt
(YD)ij = (YD)ikγ
Dj
Dk
+ (YD)ijγ
H1
H1
+ (YD)kjγ
Qi
Qk
− (ΛDj )kiγ
H1
Lk
(23)
d
dt
(YU )ij = (YU)ikγ
Uj
Uk
+ (YU )ijγ
H2
H2
+ (YU )kjγ
Qi
Qk
(24)
d
dt
(ΛEk)ij = (ΛEl)ijγ
Ek
El
+ (ΛEk)ilγ
Lj
Ll
+ (YE)ikγ
Lj
H1
− (ΛEk)jlγ
Li
Ll
− (YE)jkγ
Li
H1
(25)
d
dt
(ΛDk)ij = (ΛDl)ijγ
Dk
Dl
+ (ΛDk)ilγ
Qj
Ql
+ (ΛDk)ljγ
Li
Ll
− (YD)jkγ
Li
H1
(26)
d
dt
(ΛUi)jk = (ΛUi)jlγ
Dk
Dl
+ (ΛUi)lkγ
Dj
Dl
+ (ΛUl )jkγ
Ui
Ul
(27)
Here t = ln(Q) and γFiFj are the anomalous dimensions, and they are given by
γ
Fi
Fj
=
1
(16π2)
γ
(1)Fi
Fj
+
1
(16π2)2
γ
(2)Fi
Fj
+ · · · (28)
where γ(1), γ(2) and · · · are 1−loop, 2−loop, · · · anomalous dimensions. The two-loop
anomalous dimensions and gauge β-functions of the R-parity violating MSSM have
been given in Ref [13]. Using the results of Ref [13] the two-loop Yukawa β-functions
for the R-parity violating MSSM are given by:
(16π2)2β
(2)
(YE )ij
= (16π2)2β
(2)
(YE )RPC
+(3g22 −
3
5
g
2
1)(YE)ikTr(ΛEjΛ
†
Ek
)− 2(EΛElΛ
†
El
YE + 3EΛDlΛ
†
Dl
YE)ij
+2(3EΛEjΛ
∗
DmYD − EΛEjΛ
†
EmYE)im
−2(YE)ikTr[ΛEjΛ
†
Ek
(E +ΛElΛ
†
El
+ 3ΛDlΛ
†
Dl
)]
+2(YE)ik(3Y
†
DΛ
t
DmΛ
†
Ek
YE − Y
†
EΛEmΛ
†
Ek
YE)mj − (YE)ij [(E˜)nlTr(Λ
†
El
ΛEn)]
−(YE)ij [6(D˜)lpTr(Λ
†
DpΛDl) + Tr(3EΛDqΛ
†
Dq +EΛEqΛ
†
Eq + 6D˜Λ
†
UqΛUq
+3DΛtDqΛ
∗
Dq )] + (16g
2
3 −
2
5
g
2
1)(ΛDqΛ
†
DqYE)ij +
6
5
g
2
1(ΛEqΛ
†
EqYE)ij
−(E˜)mj(YE)ilTr(Λ
†
El
ΛEm)− 2(E˜)lm(ΛElΛ
†
EmYE)ij − (ΛElΛ
†
EmYE)ijTr(Λ
†
El
ΛEm)
−(YE)im(3Y
t
EΛ
†
EmΛDpY
∗
D + Y
t
EΛ
†
EmΛEpY
∗
E)jp + (E˜)mj(3ΛEmΛ
∗
DP YD
+ΛEmΛ
∗
EpYE)ip − (Y
t
EΛ
†
EmEΛEm + 3Y
t
EΛ
†
EmΛDpΛ
†
DpΛEm
+Y tEΛ
†
EmΛEpΛ
†
EpΛEm)ji − 6(ΛEjΛ
∗
DnYDΛ
†
UmΛUm )in
−6(ΛDlΛ
†
DmYE)ij [(D˜)lm + Tr(Λ
†
Dl
ΛDm) + (ΛUqΛ
†
Uq )ml]
−3(Y tEΛ
∗
DmDΛ
t
Dm + Y
t
EΛ
∗
DmTΛ
t
Dm)ji − 3(ΛDmΛ
†
DpΛDpΛ
†
DmYE)ij
5
+(
2
5
g
2
1 − 16g
2
3)(ΛEjΛ
∗
DqYD)iq −
6
5
g
2
1(ΛEjΛ
∗
EqYE)iq − (3ΛEjΛ
†
EqΛDpΛ
†
DpYE)iq
−(ΛEjΛ
†
EqΛEpΛ
†
EpYE + 3ΛEjΛ
†
EqEYE)iq − (ΛEjΛ
†
EnYE)ilTr(Λ
†
El
ΛEn)
−3(ΛEjE
∗Λ∗DmYD − ΛEjE
∗Λ∗EmYE)im + 9(ΛEjΛ
∗
DnDYD)in
+6(ΛEjΛ
∗
DnYD)ilTr(ΛDlΛ
†
Dn) + 3(ΛEjΛ
∗
DqTYD + 3ΛEjΛ
∗
DqΛ
t
DmΛ
∗
DmYD)iq . (29)
(16π2)2β
(2)
(YD)ij
= (16π2)2β
(2)
(YD)RPC
+
6
5
g
2
1(Λ
t
DjΛ
∗
EqYE)iq − (
2
5
g
2
1 − 16g
2
3)(Λ
t
DjΛ
∗
DqYD)iq
+(ΛtDjΛ
†
Eq [3ΛDpΛ
†
DpYE + ΛEpΛ
†
EpYE + 3EYE)iq
+(ΛtDjΛ
†
EnYE)ilTr(Λ
†
El
ΛEn) + 3(Λ
t
Dj E˜[Λ
∗
DmYD − Λ
∗
EmYE ])im
−(ΛtDjΛ
∗
Dn [9DYD + 6YDΛ
†
UmΛUm ])in + 6Tr(ΛDlΛ
†
Dn)(Λ
t
DjΛ
∗
DnYD)in
+3(ΛtDjΛ
∗
Dq ([TYD +Λ
t
DmΛ
∗
DmYD])iq + (
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
UqY
t
D)ji
+(6g22 +
2
5
g
2
1)(YD)ikTr(ΛDjΛ
†
Dk
)− 2(Y tDΛ
†
DpΛDpD
t)ji
−2(YD)ikTr(Λ
t
DjΛ
∗
Dk [D + T ] + Λ
†
Dk
ΛDjΛ
†
DqΛDq)
−(YD)ikTr(6ΛDqΛ
†
DqΛDjΛ
†
Dk
+ 2ΛEqΛ
†
EqΛDjΛ
†
Dk
+ 2EΛDjΛ
†
Dk
)
−4(YDΛ
†
UmΛUpΛ
†
UpΛUm )ij + 4(YDΛ
†
Um )in(ΛUm)jlTr(ΛDlΛ
†
Dn)
−(6DΛtDjΛ
∗
DpYD + 2DΛ
t
DjΛ
∗
EqYE)ip − (YD)ik[6Y
t
DΛ
†
Dk
ΛDpY
∗
D
+2Y tDΛ
†
Dj
ΛEpY
∗
E ]jp − 2(YDΛ
†
UnΛUl )ij [Tr(Λ
†
Ul
ΛUn ) + 2(T˜ )ln]
−(YD)ijTr(3EΛDqΛ
†
Dq + EΛEqΛ
†
Eq + 6D˜Λ
†
UqΛUq + 3DΛ
t
DqΛ
∗
Dq
−(YD)ijE˜nlTr(Λ
†
El
ΛEn)− 6(YD)ijD˜lpTr(Λ
†
DpΛDl) +
2
5
g
2
1(Y
t
DΛ
†
DqΛDq )ji
−2(Y tDΛ
†
Dl
ΛDm)ji[D˜ml + (ΛUqΛ
†
Uq )lm + Tr(Λ
†
DmΛDl)]
−[Y tDΛ
†
Dm(EΛDm + 3ΛDqΛ
†
DqΛDm + ΛEqΛ
†
EqΛDm)]ji
−(YD)il[3Y
t
DΛ
†
Dl
ΛDmY
∗
D + Y
t
DΛ
†
Dl
ΛEmY
∗
E ]jm − 2(YDΛ
†
UqΛUq D˜)ij
−2(YD)imD˜ljTr(Λ
†
DmΛDl)− D˜lj(3Λ
t
DlΛ
∗
DmYD +Λ
t
DlΛ
∗
EmYE)im
−(YU )il(Y
†
UYD)pjTr(Λ
†
Ul
ΛUp)− 4(ΛUmD˜Λ
†
UmY
t
D)ji. (30)
(16π2)2β
(2)
(YU )ij
= (16π2)2β
(2)
(YU )RPC
+ (
8
3
g
2
3 −
4
15
g
2
1)(YU )ikTr(ΛUjΛ
†
Uk
)− 2(TΛtDmΛ
∗
DmYU )ij
−4(YU )ik[(Λ
†
Uk
ΛUj )lmTr(Λ
†
DmΛDl) + Tr(Λ
†
Uk
ΛUj D˜)
+Tr(ΛUjΛ
†
Uk
ΛUpΛ
†
Up )]− (YU)il(T˜ )pjTr(Λ
†
Ul
ΛUp )
−3(YU )ij [Tr(Λ
t
DqΛ
∗
Dq ) + T˜pmTr(Λ
†
UmΛUp)] +
2
5
g
2
1(Y
t
UΛ
†
DqΛDq )ji
−2(Y †UΛ
†
Dl
ΛDm)ji[D˜ml + (ΛUqΛ
†
Uq )lm + Tr(Λ
†
DmΛDl)]
−(Y tUΛ
†
DmEΛDm + 3Y
t
UΛ
†
DmΛDqΛ
†
DqΛDm + Y
t
UΛ
†
DmΛEqΛ
†
EqΛDm)ji
−(YD)il(3Y
t
UΛ
†
Dl
ΛDmY
∗
D + Y
t
UΛ
†
Dl
ΛEmY
∗
E)jm
−2(YDΛ
†
UqΛUqY
†
DYU )ij − 2(YD)im(Y
†
DYU )ljTr(Λ
†
DmΛDl)
−(Y †DYU )lj(3Λ
t
DlΛ
∗
DmYD +Λ
t
DlΛ
∗
EmYE)im. (31)
6
(16π2)2β
(2)
(Λ
Ek
)ij
= (ΛEl)ij{(6g
2
2 −
6
5
g
2
1)(E˜)lk + (3g
2
2 −
3
5
g
2
1)Tr(ΛEkΛ
†
El
)
−2(Y †EEYE + Y
†
EΛEqΛ
†
EqYE + 3Y
†
EΛDqΛ
†
DqYE)lk
−2(E˜)lkTr(E + 3D) + 2(3Y
†
EΛEkΛ
∗
DmYD
−Y †EΛEkΛ
†
EmYE)lm − 2Tr[ΛEkΛ
†
El
(E + ΛEqΛ
†
Eq
+3ΛDqΛ
†
Dq )] + 2(3Y
†
DΛ
t
DmΛ
†
El
YE − Y
†
EΛEmΛ
†
El
YE)mk}
+(ΛEk)il{(16g
2
3 −
2
5
g
2
1)(ΛDqΛ
†
Dq )jl − 2(E
2)jl
+
6
5
g
2
1(E + ΛEqΛ
†
Eq )jl + (Y
∗
E)lm(3ΛEmΛ
∗
DpYD + ΛEmΛ
∗
EpYE)jp
−(Y †E)ml(YE)jnTr(Λ
†
EnΛEm)− 2(ΛEnΛ
†
Em)jl(E˜)nm
−(ΛEnΛ
†
Em )jlTr(Λ
†
EnΛEm)− (E)jlTr(E + 3D)
−(YE)jm(3Λ
†
EmΛDpY
∗
D + Λ
†
EmΛEpY
∗
E)lp
−(Λ†EmEΛEm + 3Λ
†
EmΛDpΛ
†
DpΛEm +Λ
†
EmΛEpΛ
†
EpΛEm)lj
−6(ΛDnΛ
†
Dm)jl[(D˜)nm + Tr(Λ
†
DnΛDm) + (ΛUqΛ
†
Uq )mn]
−3(Λ∗DmDΛ
t
Dm +Λ
∗
DmTΛ
t
Dm)lj − 3(ΛDmΛ
†
DpΛDpΛ
†
Dm)jl}
−(ΛEk)jl{(16g
2
3 −
2
5
g
2
1)(ΛDqΛ
†
Dq )il +
6
5
g
2
1(E + ΛEqΛ
†
Eq)il
−2(E2)il − (Y
†
E)ml(YE)inTr(Λ
†
EnΛEm)− 2(ΛEnΛ
†
Em)il(E˜)nm
−(ΛEnΛ
†
Em )ilTr(Λ
†
EnΛEm)−EilTr(E + 3D) + (Y
∗
E)lm(3ΛEmΛ
∗
DpYD
+ΛEmΛ
∗
EpYE)ip − (Λ
†
EmEΛEm + 3Λ
†
EmΛDpΛ
†
DpΛEm
+Λ†EmΛEpΛ
†
EpΛEm)li − (YE)im(3Λ
†
EmΛDpY
∗
D + Λ
†
EmΛEpY
∗
E)lp
−6(ΛDnΛ
†
Dm)il[(D˜)nm + Tr(Λ
†
DnΛDm) + (ΛUqΛ
†
Uq )mn]
−3(Λ∗DmDΛ
t
Dm +Λ
∗
DmTΛ
t
Dm)li − 3(ΛDmΛ
†
DpΛDpΛ
†
Dm)il}
+(YE)ik{(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)jp −
6
5
g
2
1(ΛEqY
∗
E)jp
−(3ΛtEqΛ
∗
DpΛ
t
DpY
∗
E + Λ
t
EqΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EqE
t
Y
∗
E)jq
−(ΛtEnY
∗
E)jlTr(Λ
t
ElΛ
∗
En)− 6(ΛDnY
∗
DΛ
t
UmΛ
∗
Um)jn
−3(EΛDmY
∗
D − EΛEmY
∗
E)jm + 9(ΛDnD
t
Y
∗
D)jn
+6(ΛDnY
∗
D)jlTr(Λ
∗
DlΛ
t
Dn) + 3(Y
†
DTΛ
t
Dq)qj + 3(ΛDqΛ
†
DmΛDmY
∗
D)jq}
−(YE)jk{(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)iq −
6
5
g
2
1(ΛEqY
∗
E)iq
−(3ΛtEqΛ
∗
DpΛ
t
DpY
∗
E + Λ
t
EqΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EqE
t
Y
∗
E)iq
−(ΛtEnY
∗
E)ilTr(Λ
t
ElΛ
∗
En)− 3(EΛDmY
∗
D − EΛEmY
∗
E)im
+9(ΛDnD
t
Y
∗
D)in − 6(ΛDnY
∗
DΛ
t
UmΛ
∗
Um )in + 6(ΛDnY
∗
D)ilTr(Λ
∗
DlΛ
t
Dn)
+3(ΛDqY
∗
UY
t
UY
∗
D)iq + 3(ΛDqΛ
†
DmΛDmY
∗
D)iq}
+(ΛEk)ij [
27
2
g
4
1 +
15
2
g
4
2 +
9
5
g
2
2g
2
1 ] (32)
(16π2)2β
(2)
(Λ
Dk
)ij
= (ΛDl)ij{(
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
Uq )kl + (6g
2
2 +
2
5
g
2
1)[Dkl + Tr(ΛDkΛ
†
Dl
)]
−2(Y †DDYD + Y
†
DTYD)lk − (6Y
†
DΛ
t
DkΛ
∗
DpYD)
7
−2(D˜)lkTr(E + 3D) + 4(Λ
†
Um )ln(ΛUm)khTr(ΛDhΛ
†
Dn)
−(2Y tDΛ
†
DpΛDpY
∗
D + 4ΛUmD˜Λ
†
Um)kl − 4(Λ
†
UmΛUpΛ
†
UpΛUm )lk
−2Tr(ΛtDkΛ
∗
Dl(D + T ) + Λ
†
Dl
ΛDkΛ
†
DqΛDq )
−Tr(6ΛDqΛ
†
DqΛDkΛ
†
Dl
+ 2ΛEqΛ
†
EqΛDkΛ
†
Dl
+ 2EΛDkΛ
†
Dl
)
−2(Y †DΛ
t
DkΛ
∗
EpYE)lp − (6Y
t
DΛ
†
Dl
ΛDpY
∗
D + 2Y
t
DΛ
†
Dk
ΛEpY
∗
E)kp
−2(Λ†UnΛUh)lk[Tr(Λ
†
Uh
ΛUn) + 2(T˜ )hn]}
+
2
5
g
2
1 [(DΛ
t
Dk + 2TΛ
t
Dk)ji + (ΛDkΛ
†
DqΛDq)ij ]− 2(D
2ΛtDk )ji
−(DΛtDk)jiTr(E + 3D) − 2(T
2ΛtDk)ji − 3(TΛ
t
Dk)jiTr(T )
−2(ΛDkΛ
†
DpΛDm)ij [(D˜)mp + (ΛUqΛ
†
Uq )pm + Tr(Λ
†
DmΛDp)]
−[ΛDkΛ
†
Dm(EΛDm + 3ΛDqΛ
†
DqΛDm + ΛEqΛ
†
EqΛDm)]ij
−(YD)jp(3ΛDkΛ
†
DpΛDmY
∗
D + ΛDkΛ
†
DpΛEmY
∗
E)im − 2(YDΛ
†
UqΛUqY
†
DΛ
t
Dk)ji
−2(YD)jm(Y
†
DΛ
t
Dk)piTr(Λ
†
DmΛDp)− (YU )jp(Y
†
UΛ
t
Dk)niTr(Λ
†
UpΛUn )
−(ΛDkY
∗
D)ip(3Λ
t
DpΛ
∗
DmYD + Λ
t
DpΛ
∗
EmYE)jm
+(YD)jk{−(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)iq +
6
5
g
2
1(ΛEqY
∗
E)iq
+(3ΛtEqΛ
∗
DpΛ
t
DpY
∗
E + Λ
t
EqΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EqE
∗
Y
∗
E
−3ΛDqY
∗
UY
t
UY
∗
D − 3ΛDqΛ
†
DmΛDmY
∗
D)iq + (Λ
t
EnY
∗
E)ilTr(Λ
t
ElΛ
∗
En)
+3[EΛDmY
∗
D − EΛEmY
∗
E ]im − [9ΛDnD
t
Y
∗
D
−6ΛDnY
∗
DΛ
t
UmΛ
∗
Um ]in − 6(ΛDnY
∗
D)ilTr(Λ
∗
DlΛ
t
Dn)}
+(ΛDk)ij [
287
90
g
4
1 −
16
9
g
4
3 +
15
2
g
4
2 + g
2
1g
2
2 + 8g
2
3g
2
2 +
8
9
g
2
3g
2
1 ]
+(ΛDqΛ
†
DqΛDk)ij(16g
2
3 −
2
5
g
2
1) +
6
5
g
2
1(EΛDk
+ΛEqΛ
†
EqΛDk )ij − (2E
2ΛDk − 3ΛDnΛ
†
DpΛDpΛ
†
DnΛDk)ij
−(Y †EΛDk)nj(YE)imTr(Λ
†
EmΛEn)− (ΛEmΛ
†
EnΛDk)ij [(2E˜)mn
+Tr(Λ†EmΛEn)]− (EΛDk)ijTr(E + 3D)
−(YE)in(3Λ
t
DkΛ
†
EnΛDpY
∗
D + Λ
t
DkΛ
†
EnΛEpY
∗
E)jp + (Y
†
EΛDk)nj(3ΛEnΛ
∗
DpYD
+ΛEnΛ
∗
EpYE)ip − (Λ
t
DkΛ
†
EnEΛEn + 3Λ
t
DkΛ
†
EnΛDpΛ
†
DpΛEn
+ΛtDkΛ
†
EnΛEpΛ
†
EpΛEn)ji − 6(ΛDmΛ
†
DnΛDk)ij [(D˜)mn + Tr(Λ
†
DmΛDn)
+(ΛUqΛ
†
Uq )nm]− 3(Λ
t
DkΛ
∗
DnDΛ
t
Dn +Λ
t
DkΛ
∗
DnTΛ
t
Dn)ji (33)
(16π2)2β
(2)
(Λ
Ui
)jk
= −(
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
UqΛUi)kj + (6g
2
2 +
2
5
g
2
1)(ΛUi)jlTr(ΛDkΛ
†
Dl
)
−(6g22 +
2
5
g
2
1)(DΛUi)kj − 2(ΛUiY
†
DDYD)jk − 2(ΛUiY
†
DTYD)jk
+2Tr(E + 3D)[(ΛUi D˜)kj − (ΛUiD˜)jk] + 2(Y
t
DΛ
†
DpΛDpY
∗
DΛUi)kj
−2(ΛUi)jlTr(Λ
t
DkΛ
∗
Dl(D + T ) + Λ
†
Dl
ΛDkΛ
†
DqΛDq)
−(ΛUi)jlTr(6ΛDqΛ
†
DqΛDkΛ
†
Dl
+ 2ΛEqΛ
†
EqΛDkΛ
†
Dl
+ 2EΛDkΛ
†
Dl
)
−(6ΛUiY
†
DΛ
t
DkΛ
∗
DpYD + ΛUiY
†
DΛ
t
DkΛ
∗
EpYE)jp
+4(ΛUmD˜Λ
†
UmΛUi)kj − 4(ΛUiΛ
†
Um )kn(ΛUm )jhTr(ΛDhΛ
†
Dn)
8
+4(ΛUiΛ
†
Um )jn(ΛUm )khTr(ΛDhΛ
†
Dn)− 4(ΛUiΛ
†
UmΛUpΛ
†
UpΛUm )jk
−2(ΛUiΛ
†
UnΛUh)jk(Tr[Λ
†
Uh
ΛUn ] + 2T˜hn)− (ΛUi)jl(6Y
t
DΛ
†
Dl
ΛDpY
∗
D
+2Y tDΛ
†
Dk
ΛEpY
∗
E)kp + (
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
UqΛUi)jk
+(6g22 +
2
5
g
2
1)[(DΛUi)jk + Tr(ΛDjΛ
†
Dl
)(ΛUi)lk]
+2(ΛUiY
†
DDYD)kj + 2(ΛUiY
†
DTYD)kj − 2(Y
t
DΛ
†
DpΛDpY
∗
DΛUi)jk
−2(ΛUi)lkTr(Λ
t
DjΛ
∗
Dl(D + T ) + Λ
†
Dl
ΛDjΛ
†
DqΛDq)
−(ΛUi)lkTr(6ΛDqΛ
†
DqΛDjΛ
†
Dl
+ 2ΛEqΛ
†
EqΛDjΛ
†
Dl
+ 2EΛDjΛ
†
Dl
)
−4(ΛUmD˜Λ
†
UmΛUi)jk + 4(ΛUiΛ
†
UmΛUpΛ
†
UpΛUm)kj
+2(ΛUiY
†
DΛ
t
DjΛ
∗
EpYE)kp − (ΛUi)lk(6Y
t
DΛ
†
Dl
ΛDpY
∗
D
+2Y tDΛ
†
Dj
ΛEpY
∗
E)jp + 2(ΛUiΛ
†
UnΛUh)kj [Tr(Λ
†
Uh
ΛUn) + 2(T˜ )hn]
+(6ΛUiY
†
DΛ
t
DjΛ
∗
DpYD)kp + (ΛUl )jk{(
8
3
g
2
3 −
4
15
g
2
1)Tr(ΛUiΛ
†
Ul
)
+(6g22 −
2
5
g
2
1)(T˜ )li − 2(Y
†
UTYU + Y
†
UDYU + Y
†
UΛ
t
DmΛ
∗
DmYU )li
−6T˜liTr(T )− 4(Λ
†
Ul
ΛUi)hmTr(Λ
†
DmΛDh)− 4Tr(ΛUiΛ
†
Ul
ΛUpΛ
†
Up)
−4Tr(Λ†
Ul
ΛUiD˜)}+ (ΛUi)jk[−
8
3
g
4
3 +
28
5
g
4
1 +
64
15
g
2
3g
2
1 ] (34)
The renormalisation equations for the bilinear terms can be written as:
d
dt
µ = βµ = µ{γ
H1
H1
+ γH2H2 }+ κ
i
γ
H1
Li
(35)
d
dt
κ
i = βki = κ
i
γ
H2
H2
+ κpγLiLp + µγ
Li
H1
(36)
The two loop bilinear β-functions are given by:
(16π2)2β(2)µ = (16π
2)2β(2)µ(RPC) + µ[−Tr(3EΛDqΛ
†
Dq +EΛEqΛ
†
Eq + 6D˜Λ
†
UqΛUq + 3DΛ
t
DqΛ
∗
Dq )
−(E˜)lmTr(Λ
†
EmΛEl)− 6(D˜)mpTr(Λ
†
DpΛDm)
−Tr(3TΛtDqΛ
∗
Dq )− 3T˜lpTr(Λ
†
UpΛUl)]
+κi[(
2
5
g
2
1 − 16g
2
3)(Λ
∗
DqYD)iq −
6
5
g
2
1(Λ
∗
EqYE)iq − (3Λ
†
El
ΛDpΛ
†
DpYE)il
−(Λ†
El
ΛEpΛ
†
EpYE + 3Λ
†
El
EYE)il − (Λ
†
EpYE)ilTr(Λ
†
El
ΛEp)
−3(EtΛ∗DmYD − E
tΛ∗EmYE)im + 9(Λ
∗
DpDYD)ip
−6(Λ∗DpYDΛ
†
UmΛUm )ip + 6(Λ
∗
DpYD)ilTr(ΛDlΛ
†
Dp) + 3(Λ
∗
DlTYD)il
+3(Λ∗DlΛ
t
DmΛ
∗
DmYD)il]. (37)
(16π2)2β
(2)
ki
= κi{
15
2
g
4
2 +
207
50
g
4
1 +
9
5
g
2
2g
2
1) + (16g
2
3 +
4
5
g
2
1)Tr(T )
−Tr(9TT + 3TD)− 3Tr(TΛtDqΛ
∗
Dq )− 3T˜lpTr(Λ
†
UpΛUl )}
+κp{(16g23 −
2
5
g
2
1)(ΛDqΛ
†
Dq )ip +
6
5
g
2
1(E + ΛEqΛ
†
Eq )ip − 2(E
2)ip
9
−(Y †E)kp(YE)ilTr(Λ
†
El
ΛEk)− 2(ΛElΛ
†
Ek
)ip(E˜)lk − EipTr(E + 3D)
−(Λ†
Ek
EΛEk)pi − (ΛElΛ
†
Ek
)ipTr(Λ
†
El
ΛEk)− (YE)ik(3Λ
†
Ek
ΛDqY
∗
D
+Λ†
Ek
ΛEqY
∗
E)pq + (Y
†
E)kp(3ΛEkΛ
∗
DqYD + ΛEkΛ
∗
EqYE)iq
−(3Λ†
Ek
ΛDqΛ
†
DqΛEk + Λ
†
Ek
ΛEqΛ
†
EqΛEk)pi − 6(ΛDlΛ
†
Dk
)ip[(D˜)lk
+Tr(Λ†
Dl
ΛDk) + (ΛUqΛ
†
Uq )kl]− 3(Λ
∗
DkDΛ
t
Dk + Λ
∗
DkTΛ
t
Dk)pi
−3(ΛDkΛ
†
DqΛDqΛ
†
Dk
)ip}+ µ{(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)iq −
6
5
g
2
1(ΛEqY
∗
E)iq
−(3ΛtEnΛ
∗
DpΛ
t
DpY
∗
E + Λ
t
EnΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EnE
t
Y
∗
E)in
−3(EΛDmY
∗
D − EΛEmY
∗
E)im + 3(ΛDnΛ
†
DmΛDmY
∗
D)in
−6(ΛDqY
∗
DΛ
t
UmΛ
∗
Um )iq − (Λ
t
EqY
∗
E)ilTr(Λ
t
ElΛ
∗
Eq )
+6(ΛDqY
∗
D)ilTr(Λ
∗
DlΛ
t
Dq) + 3(ΛDnY
∗
UY
t
UY
∗
D)in + 9(ΛDqD
t
Y
∗
D)iq}. (38)
4.1 Soft Supersymmetry Breaking equations
A precise study of the renormalization group equations must include R-parity violating
terms because they have direct and indirect effects on the mass-matrix, and on other
couplings of the MSSM lagrangian. R-parity violating couplings allow the generation
of lepton-Higgs mixing that results in sneutrino vevs and neutrino masses. By using
the method that has been introduced in equations, the RGEs for the bilinear and
trilinear soft SUSY breaking terms in R-parity violating scenario can be obtained.
They are given by:
(16π2)2β
(2)
B = (16π
2)2β
(2)
B(RPC)
+B{−Tr(3EΛDqΛ
†
Dq + EΛEqΛ
†
Eq + 6D˜Λ
†
UqΛUq
+3DΛtDqΛ
∗
Dq )− E˜lmTr(Λ
†
EmΛEl)− 6(D˜)mpTr(Λ
†
DpΛDm)
−3Tr(TΛtDqΛ
∗
Dq )− 3(T˜ )lpTr(Λ
†
UpΛUl )}
+Di{(
2
5
g
2
1 − 16g
2
3)(Λ
∗
DqYD)iq −
6
5
g
2
1(Λ
∗
EqYE)iq − (3Λ
†
El
ΛDpΛ
†
DpYE
+Λ†
El
ΛEpΛ
†
EpYE + 3Λ
†
El
EYE)il − (Λ
†
EpYE)ilTr(Λ
†
El
ΛEp)
−3(EtΛ∗DmYD − E
tΛ∗EmYE)im + 9(Λ
∗
DpDYD)ip
−6(Λ∗DpYDΛ
†
UmΛUm )ip + 6(Λ
∗
DpYD)ilTr(ΛDlΛ
†
Dp) + 3(Λ
∗
DlTYD)il
+3(Λ∗DlΛ
t
DmΛ
∗
DmYD)il} − 2µ{Tr(3hEY
†
EΛDqΛ
†
Dq + hEY
†
EΛEqΛ
†
Eq )
+Tr(6Y †DhDΛ
†
UqΛUq + 3hDY
†
DΛ
t
DqΛ
∗
Dq) + 6(Y
†
DhD)npTr(Λ
†
DpΛDn)
+Tr(EhEqΛ
†
Eq ) + (E˜)lnTr(Λ
†
EnhEl) + Tr(6D˜Λ
†
UqhUq )
+Tr(3EhDqΛ
†
Dq + 3Dh
t
DqΛ
∗
Dq) + 6(D˜)npTr(Λ
†
DphDn)
+Tr(3hUY
†
UΛ
t
DqΛ
∗
Dq ) + (Y
†
EhE)lnTr(Λ
†
EnΛEl) + 3(Y
†
UhU )lpTr(Λ
†
UpΛUl)
+3(T˜ )lpTr(Λ
†
UphUl) + Tr(3Th
t
DqΛ
∗
Dq)}
−2κi{(
2
5
M1g
2
1 − 16M3g
2
3)(Λ
∗
DqYD)iq − 6(Λ
∗
DqYD)ilTr(hDlΛ
†
Dq )
−
6
5
M1g
2
1(Λ
∗
EqYE)iq + (16g
2
3 −
2
5
g
2
1)(Λ
∗
DqhD)iq +
6
5
g
2
1(Λ
∗
EqhE)iq
+(3Λ†
El
ΛDpΛ
†
DphE + Λ
†
El
ΛEpΛ
†
EphE + 3Λ
†
El
hEE˜ + 3Λ
†
El
EhE)il
10
+(Λ†EqhE)ilTr(Λ
†
El
ΛEq ) + 3(Y
∗
Eh
t
EΛ
∗
DmYD − Y
∗
Eh
t
EΛ
∗
EmYE
−EtΛ∗EmhE)im − 3(Λ
∗
DlhUY
†
UYD)il − 3(Λ
∗
Dlh
t
DmΛ
∗
DmYD)il
−9(Λ∗DqhDD˜ +Λ
∗
DqDhD)iq + (Λ
†
EqYE)ilTr(Λ
†
El
hEq )
+6(Λ∗DqhDΛ
†
UmΛUm )iq − 6(Λ
∗
DqhD)ilTr(ΛDlΛ
†
Dq )
−3(Λ∗DlΛ
t
DmΛ
∗
DmhD)il + (Λ
†
El
hEpΛ
†
EpYE)il + 3(E
tΛ∗DmhD)im
+6(Λ∗DqYDΛ
†
UmhUm )iq + 3(Λ
†
El
hDpΛ
†
DpYE)il − 3(Λ
∗
DlThD)il} (39)
(16π2)2β
(2)
Di
= B{(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)iq −
6
5
g
2
1(ΛEqY
∗
E)iq − (3Λ
t
EnΛ
∗
DpΛ
t
DpY
∗
E
+ΛtEnΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EnE
t
Y
∗
E)in − (Λ
t
EqY
∗
E)ilTr(Λ
t
ElΛ
∗
Eq )
−3(EΛDmY
∗
D − EΛEmY
∗
E)im + 9(ΛDqD
t
Y
∗
D)iq
−6(ΛDqY
∗
DΛ
t
UmΛ
∗
Um )iq + 6(ΛDqY
∗
D)ilTr(Λ
∗
DlΛ
t
Dq) + 3(Y
†
DTΛ
t
Dn)ni
+3(ΛDnΛ
†
DmΛDmY
∗
D)in}+D
l{(16g23 −
2
5
g
2
1)(ΛDqΛ
†
Dq )il
+
6
5
g
2
1(E + ΛEqΛ
†
Eq )il + (Y
†
E)ql(3ΛEqΛ
∗
DpYD + ΛEqΛ
∗
EpYE)ip
−(Y †E)ql(YE)inTr(Λ
†
EnΛEq )− 2(ΛEnΛ
†
Eq )il(E˜)nq
−(ΛEnΛ
†
Eq )ilTr(Λ
†
EnΛEq )− (E)ilTr(E + 3D)
−(YE)iq(3Λ
†
EqΛDpY
∗
D + Λ
†
EqΛEpY
∗
E)lp − 2(E
2)il
−(Λ†EqEΛEq + 3Λ
†
EqΛDpΛ
†
DpΛEq + Λ
†
EqΛEpΛ
†
EpΛEq )li
−6(ΛDnΛ
†
Dq )il[(D˜)nq + Tr(Λ
†
DnΛDq ) + (ΛUmΛ
†
Um )qn]
−3(Λ∗DqDΛ
t
Dq + Λ
∗
DqTΛ
t
Dq )li − 3(ΛDqΛ
†
DpΛDpΛ
†
Dq )il}
+Di{(
15
2
g
4
2 +
207
50
g
4
1 +
9
5
g
2
2g
2
1) + (16g
2
3 +
4
5
g
2
1)Tr(T )
−Tr(9T 2 + 3TD + 3TΛtDqΛ
∗
Dq)
−3(T˜ )lqTr(Λ
†
UqΛUl )} − 2κ
i{15M2g
4
2 +
207
25
M1g
4
1
+
9
5
(M1 +M2)g
2
1g
2
2 + (16M3g
2
3 +
4
5
M1g
2
1)Tr(T )
−(16g23 +
4
5
g
2
1)Tr(hUY
†
U ) + Tr(9hUY
†
UT + 3hUY
†
UD
+3hUY
†
UΛ
t
DqΛ
∗
Dq + 9ThUY
†
U ) + 3(Y
†
UhU )lqTr(Λ
†
UqΛUl )
+Tr(3ThDY
†
D) + 3(T˜ )lqTr(Λ
†
UqhUl ) + Tr(3Th
t
DqΛ
∗
Dq)}
−2µ{(
2
5
M1g
2
1 − 16M3g
2
3)(ΛDqY
∗
D)iq −
6
5
g
2
1(M1ΛEqY
∗
E − hEqY
∗
E)iq
+(16g23 −
2
5
g
2
1)(hDqY
∗
D)iq + (3Λ
t
EnY
∗
Eh
t
EY
∗
E)in − 3(ΛDnY
∗
Uh
t
UY
∗
D)in
+3(hEY
†
EΛDmY
∗
D − hEY
†
EΛEmY
∗
E)im − 9(ΛDqY
∗
Dh
t
DY
∗
D)iq
+(3htEnΛ
∗
DpΛ
t
DpY
∗
E + h
t
EnΛ
∗
EpΛ
t
EpY
∗
E + Λ
t
EnΛ
∗
Eph
t
EpY
∗
E
+3htEnE
t
Y
∗
E)in + (h
t
EqY
∗
E)ilTr(Λ
t
ElΛ
∗
Eq ) + (Λ
t
EqY
∗
E)ilTr(h
t
ElΛ
∗
Eq )
−3(EhEmY
∗
E)im + 6(ΛDqY
∗
Dh
t
UmΛ
∗
Um )iq + 3(Λ
t
EnΛ
∗
Dph
t
DpY
∗
E)in
+3(EhDmY
∗
D)im − 9(hDqD
t
Y
∗
D)iq + 6(hDqY
∗
DΛ
t
UmΛ
∗
Um )iq
11
−6(hDqY
∗
D)ilTr(Λ
∗
DlΛ
t
Dq)− 6(ΛDqY
∗
D)ilTr(Λ
∗
Dlh
t
Dq)
−3(Y †DTh
t
Dn)ni − 3(hDnΛ
†
DmΛDmY
∗
D +ΛDnΛ
†
DmhDmY
∗
D)in}
−2κl{(16M3g
2
3 −
2
5
M1g
2
1)(ΛDqΛ
†
Dq )il +
6
5
M1g
2
1(E + ΛEqΛ
†
Eq)il
−(16g23 −
2
5
g
2
1)(hDqΛ
†
Dq )il −
6
5
g
2
1(hEY
†
E + hEqΛ
†
Eq )il
+2(hEY
†
EE +EhEY
†
E)il + (hEY
†
E)ilTr(E + 3D)
+(Y †E)ql(hE)inTr(Λ
†
EnΛEq ) + 2(ΛEnΛ
†
Eq )il(Y
†
EhE)nq
+(E)ilTr(hEY
†
E) + (hE)iq(3Λ
†
EqΛDpY
∗
D + Λ
†
EqΛEpY
∗
E)lp
−(Y †E)ql(ΛEqΛ
∗
EphE)ip + (Λ
†
EqhEY
†
EΛEq )li + 3(Λ
∗
DqhUY
†
UΛ
t
Dq)li
+(E)ilTr(3hDY
†
D)− 3(Y
∗
E)lq(ΛEqΛ
∗
DphD)ip
+6(ΛDnΛ
†
Dq )il(Y
†
DhD)nq + 3(Λ
∗
DqhDY
†
DΛ
t
Dq )li
+2(hEnΛ
†
Eq )il(E˜)nq + (hEnΛ
†
Eq )ilTr(Λ
†
EnΛEq ) + (ΛEnΛ
†
Eq )ilTr(Λ
†
EnhEq )
+(YE)iq(Λ
†
EqhEpY
∗
E)lp − (Y
†
E)ql(3hEqΛ
∗
DpYD + hEqΛ
∗
EpYE)ip
+(Λ†EqEhEq + 3Λ
†
EqΛDpΛ
†
DphEq + Λ
†
EqhEpΛ
†
EpΛEq +Λ
†
EqΛEpΛ
†
EphEq )li
+6(ΛDnΛ
†
Dq )il(hUmΛ
†
Um)qn + 3(YE)iq(Λ
†
EqhDpY
∗
D)lp + 3(Λ
†
EqhDpΛ
†
DpΛEq)li
+6(hDnΛ
†
Dq )il[(D˜)nq + Tr(Λ
†
DnΛDq ) + (ΛUmΛ
†
Um )qn]
+6(ΛDnΛ
†
Dq )ilTr(Λ
†
DnhDq) + 3(Λ
∗
DqDh
t
Dq +Λ
∗
DqTh
t
Dq)li
+3(ΛDqΛ
†
DphDpΛ
†
Dq + hDqΛ
†
DpΛDpΛ
†
Dq )il + (Y
†
E)ql(YE)inTr(Λ
†
EnhEq )} (40)
(16π2)2β
(2)
(hE )ij
= (16π2)2β
(2)
(hE)(RPC)
+ (hE)lj{(16g
2
3 −
2
5
g
2
1)(ΛDqΛ
†
Dq )il +
6
5
g
2
1(ΛEqΛ
†
Eq )il
−(Y †E)ml(YE)iqTr(Λ
†
EqΛEm)− 2(ΛEnΛ
†
Em)il(E˜)nm
−(ΛEnΛ
†
Em)ilTr(Λ
†
EnΛEm) + (Y
∗
E)lq(3ΛEqΛ
∗
DpYD +ΛEqΛ
∗
EpYE)ip
−(YE)iq(3Λ
†
EqΛDpY
∗
D + Λ
†
EqΛEpY
∗
E)lp − (Λ
†
EqEΛEq + 3Λ
†
EqΛDpΛ
†
DpΛEq
+Λ†EqΛEpΛ
†
EpΛEq )li − 6(ΛDnΛ
†
Dm)il[D˜nm + Tr(Λ
†
DnΛDm)
+(ΛUqΛ
†
Uq )mn]− 3(Λ
∗
DqDΛ
t
Dq + Λ
∗
DqTΛ
t
Dq )li − 3(ΛDqΛ
†
DpΛDpΛ
†
Dq )il}
−(hE)ij{Tr(3EΛDqΛ
†
Dq + EΛEqΛ
†
Eq + 6D˜Λ
†
UqΛUq + 3DΛ
t
DqΛ
∗
Dq )
+E˜mlTr(Λ
†
El
ΛEm) + 6(D˜)lqTr(Λ
†
DqΛDl)}
+(hE)il{(3g
2
2 −
3
5
g
2
1)Tr(ΛEjΛ
†
El
)
−2(Y †EΛEnΛ
†
EnYE + 3Y
†
EΛDnΛ
†
DnYE)lj + 6(Y
†
EΛEjΛ
∗
DmYD)lm
−2(Y †EΛEjΛ
†
EmYE)lm − 2Tr(ΛEjΛ
†
El
E)
−2Tr(ΛEjΛ
†
El
ΛEnΛ
†
En)− 6Tr(ΛEjΛ
†
El
ΛDnΛ
†
Dn) + 6(Y
†
DΛ
t
DmΛ
†
El
YE)mj
−2(Y †EΛEmΛ
†
El
YE)mj}+ (hEj )il{(
2
5
g
2
1 − 16g
2
3)(Λ
∗
DqYD)lq −
6
5
g
2
1(Λ
∗
EqYE)lq
−3(Λ†
Ek
ΛDpΛ
†
DpYE)lk − (Λ
†
Ek
ΛEpΛ
†
EpYE)lk − 3(Λ
†
Ek
EYE)lk
−(Λ†EqYE)lnTr(Λ
†
EnΛEq)− 3(E
tΛ∗DmYD − E
tΛ∗EmYE)lm + 9(Λ
∗
DqDYD)lq
−6(Λ∗DqYDΛ
†
UmΛUm )lq + 6(Λ
∗
DqYD)lnTr(ΛDnΛ
†
Dq ) + 3(Λ
∗
DkTYD)lk
+3(Λ∗DkΛ
t
DmΛ
∗
DmYD)lk} − 2(YE)lj{(16M3g
2
3 −
2
5
M1g
2
1)(ΛDqΛ
†
Dq )il
12
+
6
5
M1g
2
1(ΛEqΛ
†
Eq )il − (16g
3
2 −
2
5
g1)(hDqΛ
†
Dq)il −
6
5
g
2
1(hEqΛ
†
Eq )il
+(Y †E)ql(hE)inTr(Λ
†
EnΛEq ) + 2(ΛEnΛ
†
Eq )il(Y
†
EhE)nq
+(hE)iq(3Λ
†
EqΛDpY
∗
D +Λ
†
EqΛEpY
∗
E)lp − (Y
∗
E)lq(ΛEqΛ
∗
EphE)ip
−3(Y ∗E)lq(ΛEqΛ
∗
DphD)ip + 6(ΛDnΛ
†
Dq)il(Y
†
DhD)nq + 3(Λ
∗
DqhDY
†
DΛ
t
Dq)li
+(Λ†EqhEY
†
EΛEq )li + 3(Λ
∗
DqhUY
†
UΛ
t
Dq )li + (hEnΛ
†
Eq )ilTr(Λ
†
EnΛEq )
+(Y †E)ql(YE)inTr(Λ
†
EnhEq ) + 2(hEnΛ
†
Eq)il(E˜)nq
+(ΛEnΛ
†
Eq )ilTr(Λ
†
EnhEq ) + (YE)iq(Λ
†
EqhEpY
∗
E)lp − (Y
∗
E)lq(3hEqΛ
∗
DpYD
+hEqΛ
∗
EpYE)ip + (Λ
†
EqEhEq )li + 3(Λ
†
EqΛDpΛ
†
DphEq )li
+(Λ†EqhEpΛ
†
EpΛEq + Λ
†
EqΛEpΛ
†
EphEq )li + 6(ΛDnΛ
†
Dq )il(hUmΛ
†
Um )qn
+3(YE)iq(Λ
†
EqhDpY
∗
D)lp + 3(Λ
†
EqhDpΛ
†
DpΛEq )li + 6(hDnΛ
†
Dq )il[(D˜)nq
+Tr(Λ†DnΛDq ) + (ΛUmΛ
†
Um )qn] + 6(ΛDnΛ
†
Dq )ilTr(Λ
†
DnhDq ) + 3(Λ
∗
DqDh
t
Dq )li
+3(Λ∗DqTh
t
Dq )li + 3(ΛDqΛ
†
DphDpΛ
†
Dq + hDqΛ
†
DpΛDpΛ
†
Dq )il}
−2(YE)ij{Tr(3hEY
†
EΛDqΛ
†
Dq + hEY
†
EΛEqΛ
†
Eq ) + 6(D˜)lqTr(Λ
†
DqhDl)
+6Tr(Y †DhDΛ
†
UqΛUq ) + 3Tr(hDY
†
DΛ
t
DqΛ
∗
Dq ) + (Y
†
EhE)mnTr(Λ
†
EnΛEm)
+6(Y †DhD)lqTr(Λ
†
DqΛDl) + Tr(EhEqΛ
†
Eq ) + (E˜)mnTr(Λ
†
EnhEm)
+6Tr(D˜Λ†UqhUq ) + 3Tr(EhDqΛ
†
Dq +Dh
t
DqΛ
∗
Dq )}
−2(YE)il{(3M2g
2
2 −
3
5
M1g
2
1)Tr(ΛEjΛ
†
El
) + (
3
5
g
2
1 − 3g
2
2)Tr(hEjΛ
†
El
)
+6(Y †EΛDqΛ
†
DqhE)lj + 2(Y
†
EΛEjΛ
†
EmhE)lm + 2Tr(ΛEjΛ
†
El
hEY
†
E)
−6(Y †DΛ
t
DmΛ
†
El
hE)mj + 2(Y
†
EΛEmΛ
†
El
hE)mj
+2(Y †EhEqΛ
†
EqYE)lj − 6(Y
†
EhEjΛ
∗
DmYD)lm + 2(Y
†
EhEjΛ
†
EmYE)lm
+2Tr[hEjΛ
†
El
(E + ΛEqΛ
†
Eq )] + 6Tr(hEjΛ
†
El
ΛDqΛ
†
Dq ) + 2Tr(ΛEjΛ
†
El
hEqΛ
†
Eq )
+2(Y †EhEmΛ
†
El
YE)mj + 6(Y
†
EhDqΛ
†
DqYE)lj + 6Tr(ΛEjΛ
†
El
hDqΛ
†
Dq)
−6(Y †Dh
t
DmΛ
†
El
YE)mj + 2(Y
†
EΛEqΛ
†
EqhE)lj − 6(Y
†
EΛEjΛ
∗
DmhD)lm}
−2(ΛEj )il{(
2
5
M1g
2
1 − 16M3g
2
3)(Λ
∗
DqYD)lq −
6
5
M1g
2
1(Λ
∗
EqYE)lq
+(16g23 −
2
5
g
2
1)(Λ
∗
DqhD)lq +
6
5
g
2
1(Λ
∗
EqhE)lq − 6(Λ
∗
DqhD)lnTr(ΛDnΛ
†
Dq )
+3(Λ†
Ek
ΛDpΛ
†
DphE + Λ
†
Ek
hEY
†
EYE +Λ
†
Ek
EhE)lk
+(Λ†
Ek
ΛEpΛ
†
EphE)lk + (Λ
†
EqhE)lnTr(Λ
†
EnΛEq ) + 3(Y
∗
Eh
t
EΛ
∗
DmYD)lm
−3(Y ∗Eh
t
EΛ
∗
EmYE + E
tΛ∗EmhE)lm − 3(Λ
∗
DkhUY
†
UYD)lk
−9(Λ∗DqhDD˜ + Λ
∗
DqDhD)lq + 6(Λ
∗
DqhDΛ
†
UmΛUm )lq
−3(Λ∗DkThD)lk − 3(Λ
∗
DkΛ
t
DmΛ
∗
DmhD)lk + (Λ
†
Ek
hEpΛ
†
EpYE)lk
+(Λ†EqYE)lnTr(Λ
†
EnhEq) + 6(Λ
∗
DqYDΛ
†
UmhUm )lq + (Λ
†
Ek
hDpΛ
†
DpYE)lk
−6(Λ∗DqYD)lnTr(hDnΛ
†
Dq )− 3(Λ
∗
Dkh
t
DmΛ
∗
DmYD)lk + 3(E
tΛ∗DmhD)lm} (41)
(16π2)2β
(2)
(hD)ij
= (16π2)2β
(2)
(hD)(RPC)
+ (hD)lj{
2
5
g
2
1(Λ
†
DqΛDq)li − 2(Λ
†
DnΛDm)li[(D˜)mn + (ΛUqΛ
†
Uq )nm
+Tr(Λ†DmΛDn)]− (Λ
†
DmEΛDm)li − 3(Λ
†
DmΛDqΛ
†
DqΛDm)li
−(Λ†DmΛEqΛ
†
EqΛDm)li − 3(YD)in(Λ
†
DnΛDmY
∗
D)lm − (YD)in(Λ
†
DnΛEmY
∗
E)lm
13
−2(YDΛ
†
UqΛUqY
†
D)il − 2(YD)im(Y
†
D)nlTr(Λ
†
DmΛDn)
−(Y ∗D)ln(3Λ
t
DnΛ
∗
DmYD + Λ
t
DnΛ
∗
EmYE)im − (YU )in(Y
†
U)qlTr(Λ
†
UnΛUq )}
−(hD)ij{3Tr(DΛ
t
DqΛ
∗
Dq ) + 3Tr(EΛDqΛ
†
Dq ) + Tr(EΛEqΛ
†
Eq )
+6Tr(D˜Λ†UqΛUq ) + (E˜)mnTr(Λ
†
EnΛEm) + 6(D˜)nqTr(Λ
†
DqΛDn)}
+(hD)il{(
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
Uq )jl + (6g
2
2 +
2
5
g
2
1)Tr(ΛDjΛ
†
Dl
)
−2(Y tDΛ
†
DpΛDpY
∗
D)jl − 2Tr[Λ
t
DjΛ
∗
Dl(D + T )]− 2Tr(Λ
†
Dl
ΛDjΛ
†
DqΛDq )
−6Tr(ΛDqΛ
†
DqΛDjΛ
†
Dl
)− 2Tr(ΛEqΛ
†
EqΛDjΛ
†
Dl
)− 2Tr(EΛDjΛ
†
Dl
)
−4(ΛUmD˜Λ
†
Um )jl − 4(Λ
†
UmΛUpΛ
†
UpΛUm )lj + 4(Λ
†
Um )lq(ΛUm )jnTr(ΛDnΛ
†
Dq )
−6(Y †DΛ
t
DjΛ
∗
DpYD)lp − 2(Y
†
DΛ
t
DjΛ
∗
EpYE)lp − 6(Y
t
DΛ
†
Dl
ΛDpY
∗
D)jp
−2(Y tDΛ
†
Dl
ΛEpY
∗
E)jp − 2(Λ
†
UqΛUn)lj [Tr(Λ
†
UnΛUq ) + 2(T˜ )nq ]}
−(hDj )li{(
2
5
g
2
1 − 16g
2
3)(Λ
∗
DqYD)lq −
6
5
g
2
1(Λ
∗
EqYE)lq
−3(Λ†
Ek
ΛDpΛ
†
DpYE)lk − 3(Λ
†
Ek
EYE)lk − (Λ
†
Ek
ΛEpΛ
†
EpYE)lk
−(Λ†EqYE)lnTr(Λ
†
EnΛEq )− 3(E
tΛ∗DmYD − E
tΛ∗EmYE)lm
+9(Λ∗DqDYD)lq − 6(Λ
∗
DqYDΛ
†
UmΛUm )lq + 6(Λ
∗
DqYD)lnTr(ΛDnΛ
†
Dq )
+3(Λ∗DkTYD)lk + 3(Λ
∗
DkΛ
t
DmΛ
∗
DmYD)lk}
−2(YD)lj{
2
5
g
2
1 [M1(Λ
†
DqΛDq )li − (Λ
†
DqhDq)li] + (Λ
†
DmhEY
†
EΛDm)li
+(Y ∗D)ln(Λ
t
DnΛ
∗
EmhE)im + (hU )in(Y
†
U )qlTr(Λ
†
UnΛUq )
+2(Λ†DnΛDm)li(Y
†
DhD)mn + 3(hD)in(Λ
†
DnΛDmY
∗
D)lm
+(hD)in(Λ
†
DnΛEmY
∗
E)lm + 2(hDΛ
†
UqΛUqY
†
D)il + 2(hD)im(Y
†
D)nlTr(Λ
†
DmΛDn)
+3(Y ∗D)ln(Λ
t
DnΛ
∗
DmhD)im + (Λ
†
DmhEqΛ
†
EqΛDm)li + (YD)in(Λ
†
DnhEmY
∗
E)lm
+2(Λ†DnΛDm)li(hUqΛ
†
Uq )nm + 2(YDΛ
†
UqhUqY
†
D)il + (YU )in(Y
†
U )qlTr(Λ
†
UnhUq )
+2(Λ†DnhDm)li[(D˜)mn + (ΛUqΛ
†
Uq )nm + Tr(Λ
†
DmΛDn)]
+2(Λ†DnΛDm)liTr(Λ
†
DmhDn) + (Λ
†
DmEhDm)li + (Y
∗
D)ln(h
t
DnΛ
∗
EmYE)im
+3(Λ†DmhDqΛ
†
DqΛDm)li + 3(Λ
†
DmΛDqΛ
†
DqhDm)li + (Λ
†
DmΛEqΛ
†
EqhDm)li
+3(YD)in(Λ
†
DnhDmY
∗
D)lm + 2(YD)im(Y
†
D)nlTr(Λ
†
DmhDn) + 3(Y
∗
D)ln(h
t
DnΛ
∗
DmYD)im}
−2(YD)ij{3Tr(hEY
†
EΛDqΛ
†
Dq) + Tr(hEY
†
EΛEqΛ
†
Eq ) + (Y
†
EhE)mnTr(ΛEmΛ
†
En)
+6Tr(Y †DhDΛ
†
UqΛUq ) + 3Tr(hDY
†
DΛ
t
DqΛ
∗
Dq ) + 6(Y
†
DhD)lqTr(Λ
†
DqΛDl)
+Tr(EhEqΛ
†
Eq ) + (E˜)mnTr(Λ
†
EnhEm) + 6Tr(D˜Λ
†
UqhUq )
+3Tr(EhDqΛ
†
Dq ) + 3Tr(Dh
t
DqΛ
∗
Dq ) + 6(D˜)lqTr(Λ
†
DqhDl)}
−2(YD)il{(
16
3
M3g
2
3 +
16
15
M1g
2
1)(ΛUqΛ
†
Uq )jl
−(
16
3
g
2
3 +
16
15
g
2
1)(hUqΛ
†
Uq )jl + (6M2g
2
2 +
2
5
M1g
2
1)Tr(ΛDjΛ
†
Dl
)
−(6g22 +
2
5
g
2
1)Tr(hDjΛ
†
Dl
) + 2Tr(hEY
†
EΛDjΛ
†
Dl
) + 2(Y †DΛ
t
DjΛ
∗
EphE)lp
+2Tr(ΛtDjΛ
∗
DlhUY
†
U ) + 4(Λ
†
UqΛUn)lj(Y
†
UhU )nq
+2(htDΛ
†
DpΛDpY
∗
D)jl + 2Tr(Λ
t
DjΛ
∗
DlhDY
†
D) + 4(ΛUmY
†
DhDΛ
†
Um )jl
+6(Y †DΛ
t
DjΛ
∗
DphD)lp + 6(h
t
DΛ
†
Dl
ΛDpY
∗
D)jp + 2(h
t
DΛ
†
Dl
ΛEpY
∗
E)jp
14
+2Tr(hEqΛ
†
EqΛDjΛ
†
Dl
) + 2(Y tDΛ
†
Dl
hEpY
∗
E)jp + 4(hUmD˜Λ
†
Um )jl
+4(Λ†UmhUpΛ
†
UpΛUm)lj + 4(Λ
†
UmΛUpΛ
†
UphUm)lj
+2(Λ†UqhUn)ljTr(Λ
†
UnΛUq ) + 4(Λ
†
UqhUn)lj(T˜ )nq + 2(Λ
†
UqΛUn )ljTr(Λ
†
UnhUq )
+2(Y tDΛ
†
DphDpY
∗
D)jl + 2Tr(h
t
DjΛ
∗
DlD) + 2Tr(h
t
DjΛ
∗
DlT )
+6Tr(hDqΛ
†
DqΛDjΛ
†
Dl
) + 6Tr(ΛDqΛ
†
DqhDjΛ
†
Dl
) + 2Tr(ΛEqΛ
†
EqhDjΛ
†
Dl
+EhDjΛ
†
Dl
)− 4(Λ†Um )lq(ΛUm )jnTr(hDnΛ
†
Dq ) + 6(Y
†
Dh
t
DjΛ
∗
DpYD)lp
+2(Y †Dh
t
DjΛ
∗
EpYE)lp + 6(Y
t
DΛ
†
Dl
hDpY
∗
D)jp + 2Tr(Λ
†
Dl
hDjΛ
†
DqΛDq )
+2Tr(Λ†
Dl
ΛDjΛ
†
DqhDq )− 4(Λ
†
Um )lq(hUm)jnTr(ΛDnΛ
†
Dq)}
+2(ΛDj )li{(
2
5
M1g
2
1 − 16M3g
2
3)(Λ
∗
DqYD)lq −
6
5
M1g
2
1(Λ
∗
EqYE)lq
+(16g23 −
2
5
g
2
1)(Λ
∗
DqhD)lq +
6
5
g
2
1(Λ
∗
EqhE)lq + 3(Λ
†
EqΛDpΛ
†
DphE)lq
+(Λ†EqΛEpΛ
†
EphE)lq + 3(Λ
†
EqhEE˜ + Λ
†
EqEhE)lq
+(Λ†EqhE)lnTr(Λ
†
EnΛEq )− 3(Λ
∗
DqhUY
†
UYD + Λ
∗
Dqh
t
DmΛ
∗
DmYD)lq
+3(Y ∗Eh
t
EΛ
∗
DmYD − Y
∗
Eh
t
EΛ
∗
EmYE − E
tΛ∗EmhE)lm
+3(EtΛ∗DmhD)lm − 9(Λ
∗
DqhDD˜ + Λ
∗
DqDhD)lq
+6(Λ∗DqhDΛ
†
UmΛUm )lq − 6(Λ
∗
DqhD)lnTr(ΛDnΛ
†
Dq )− 3(Λ
∗
DqThD)lq
−3(Λ∗DqΛ
t
DmΛ
∗
DmhD)lq + (Λ
†
EqhEpΛ
†
EpYE)lq + (Λ
†
EqYE)lnTr(Λ
†
EnhEq)
+6(Λ∗DqYDΛ
†
UmhUm)lq + 3(Λ
†
EqhDpΛ
†
DpYE)lq − 6(Λ
∗
DqYD)lnTr(hDnΛ
†
Dq )} (42)
(16π2)2β
(2)
(hU )ij
= (16π2)2β
(2)
(hU )(RPC)
+(hU )il{(
8
3
g
2
3 −
4
15
g
2
1)Tr(ΛUjΛ
†
Ul
)− 4Tr(ΛUjΛ
†
Ul
ΛUpΛ
†
Up)
−2(Y †UΛ
t
DmΛ
∗
DmYU )lj − 4(Λ
†
Ul
ΛUj )nmTr(Λ
†
DmΛDn)
−4Tr(Λ†
Ul
ΛUj D˜)}+ (hU )lj{
2
5
g
2
1(Λ
†
DqΛDq)li − (Λ
†
DmEΛDm)li
−2(Λ†DnΛDm)li[(D˜)mn + (ΛUqΛ
†
Uq )nm + Tr(Λ
†
DmΛDn)]
−3(Λ†DmΛDqΛ
†
DqΛDm)li − (Λ
†
DmΛEqΛ
†
EqΛDm)li − (YD)in(3Λ
†
DnΛDmY
∗
D
+Λ†DnΛEmY
∗
E)lm − 2(YDΛ
†
UqΛUqY
†
D)il − 2(YD)im(Y
†
D)nlTr(Λ
†
DmΛDn)
−(Y ∗D)ln(3Λ
t
DnΛ
∗
DmYD + Λ
t
DnΛ
∗
EmYE)im − (YU )in(Y
†
U)qlTr(Λ
†
UnΛUq )}
−(hU )ij{3Tr(TΛ
t
DqΛ
∗
Dq ) + 3T˜lqTr(Λ
†
UqΛUl )}
−2(YU )il{(
8
3
M3g
2
3 −
4
15
M1g
2
1)Tr(ΛUjΛ
†
Ul
) + (
4
15
g
2
1 −
8
3
g
2
3)Tr(hUjΛ
†
Ul
)
+2(Y †UΛ
t
DmΛ
∗
DmhU )lj + 4Tr(Λ
†
Ul
ΛUjY
†
DhD) + 4(Λ
†
Ul
hUj )nmTr(Λ
†
DmΛDn)
+4Tr(hUjΛ
†
Ul
ΛUpΛ
†
Up ) + 4Tr(ΛUjΛ
†
Ul
hUpΛ
†
Up) + 4Tr(Λ
†
Ul
hUj D˜)
+2(Y †Uh
t
DmΛ
∗
DmYU )lj + 4(Λ
†
Ul
ΛUj )nmTr(Λ
†
DmhDn)}
−2(YU )lj{
2
5
M1g
2
1(Λ
†
DqΛDq )li −
2
5
g
2
1(Λ
†
DqhDq )li
+(Λ†DmhEY
†
EΛDm)li + (Y
∗
D)ln(Λ
t
DnΛ
∗
EmhE)im
+(hU )in(Y
†
U )qlTr(Λ
†
UnΛUq ) + 2(Λ
†
DnΛDm)li(Y
†
DhD)mn
+(hD)in(3Λ
†
DnΛDmY
∗
D + Λ
†
DnΛEmY
∗
E)lm + 2(hDΛ
†
UqΛUqY
†
D)il
15
+2(hD)im(Y
†
D)nlTr(Λ
†
DmΛDn) + 3(Y
∗
D)ln(Λ
t
DnΛ
∗
DmhD)im
+(YD)in(Λ
†
DnhEmY
∗
E)lm + 2(Λ
†
DnΛDm)li(hUqΛ
†
Uq )nm + 2(YDΛ
†
UqhUqY
†
D)il
+(YU )in(Y
†
U )qlTr(Λ
†
UnhUq ) + (Λ
†
DmhEqΛ
†
EqΛDm)li
+2(Λ†DnhDm)li[(D˜)mn + (ΛUqΛ
†
Uq )nm + Tr(Λ
†
DmΛDn)]
+2(Λ†DnΛDm)liTr(Λ
†
DmhDn) + (Λ
†
DmEhDm)li + 3(Λ
†
DmhDqΛ
†
DqΛDm)li
+3(Λ†DmΛDqΛ
†
DqhDm)li + (Λ
†
DmΛEqΛ
†
EqhDm)li + 3(YD)in(Λ
†
DnhDmY
∗
D)lm
+2(YD)im(Y
†
D)nlTr(Λ
†
DmhDn) + 3(Y
∗
D)ln(h
t
DnΛ
∗
DmYD)im
+(Y ∗D)ln(h
t
DnΛ
∗
EmYE)im} − 6(YU )ij{(T˜ )lqTr(Λ
†
UqhUl ) + Tr(Th
t
DqΛ
∗
Dq )
+Tr(hUY
†
UΛ
t
DqΛ
∗
Dq ) + (Y
†
UhU )lqTr(Λ
†
UqΛUl )} (43)
(16π2)2β
(2)
(h
Ek
)ij
= (hEl)ij{(6g
2
2 −
6
5
g
2
1)(E˜)lk + (3g
2
2 −
3
5
g
2
1)Tr(ΛEkΛ
†
El
)
−2(E˜2 + Y †EΛEqΛ
†
EqYE + 3Y
†
EΛDqΛ
†
DqYE)lk
−2(E˜)lkTr(E + 3D) + 2(3Y
†
EΛEkΛ
∗
DmYD
−Y †EΛEkΛ
†
EmYE)lm − 2Tr[ΛEkΛ
†
El
(E + ΛEqΛ
†
Eq + 3ΛDqΛ
†
Dq )]
+2(3Y †DΛ
t
DmΛ
†
El
YE − Y
†
EΛEmΛ
†
El
YE)mk}
+(hE)ik{(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)jq + 6(ΛDqY
∗
D)jlTr(Λ
∗
DlΛ
t
Dq )
−(3ΛtEqΛ
∗
DpΛ
t
DpY
∗
E + Λ
t
EqΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EqE
t
Y
∗
E)jq
−(Y †EΛEq )ljTr(Λ
†
EqΛEl)− 3(EΛDmY
∗
D − EΛEmY
∗
E)jm
+9(ΛDqD
t
Y
∗
D)jq − 6(ΛDqY
∗
DΛ
t
UmΛ
∗
Um )jq −
6
5
g
2
1(ΛEqY
∗
E)jq
+3(ΛDqY
∗
UY
t
UY
∗
D)jq + 3(ΛDqΛ
†
DmΛDmY
∗
D)jq}
+(hEk)lj{(16g
2
3 −
2
5
g
2
1)(ΛDqΛ
†
Dq)il +
6
5
g
2
1(E + ΛEqΛ
†
Eq )il
−2(E2)il − (Y
†
E)nl(YE)imTr(Λ
†
EmΛEn)− 2(ΛEmΛ
†
En)il(E˜)mn
−(ΛEmΛ
†
En)ilTr(Λ
†
EmΛEn)− (E)ilTr(E + 3D)
−(YE)in(3Λ
†
EnΛDpY
∗
D + Λ
†
EnΛEpY
∗
E)lp + (Y
∗
E)ln(3ΛEnΛ
∗
DpYD
+ΛEnΛ
∗
EpYE)ip − (Λ
†
EnEΛEn + 3Λ
†
EnΛDpΛ
†
DpΛEn + Λ
†
EnΛEpΛ
†
EpΛEn)li
−6(ΛDmΛ
†
Dn)il[(D˜)mn + Tr(Λ
†
DmΛDn) + (ΛUqΛ
†
Uq )nm]
−3(Λ∗DnDΛ
t
Dn +Λ
∗
DnTΛ
t
Dn)li − 3(ΛDnΛ
†
DpΛDpΛ
†
Dn)il}
−(hE)jk{(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)iq −
6
5
g
2
1(ΛEqY
∗
E)iq
−(3ΛtEnΛ
∗
DpΛ
t
DpY
∗
E +Λ
t
EnΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EnE
t
Y
∗
E)in
−3(EΛDmY
∗
D − EΛEmY
∗
E)im + 9(ΛDqD
t
Y
∗
D)iq
−6(ΛDqY
∗
DΛ
t
UmΛ
∗
Um)iq + 6(ΛDqY
∗
D)ilTr(Λ
∗
DlΛ
t
Dq )
+3(ΛDnY
∗
UY
t
UY
∗
D)in + 3(ΛDnΛ
†
DmΛDmY
∗
D)in − (Λ
t
EpY
∗
E)ilTr(Λ
t
ElΛ
∗
Ep)}
+(hEk)il{(16g
2
3 −
2
5
g
2
1)(ΛDqΛ
†
Dq )jl +
6
5
g
2
1(E + ΛEqΛ
†
Eq )jl
−2(E2)jl − (Y
†
E)nl(YE)jmTr(Λ
†
EmΛEn)− 2(ΛEmΛ
†
En)jl(E˜)mn
−(ΛEmΛ
†
En)jlTr(Λ
†
EmΛEn)− EjlTr(E + 3D)
−(YE)jn(3Λ
†
EnΛDpY
∗
D + Λ
†
EnΛEpY
∗
E)lp + (Y
∗
E)ln(3ΛEnΛ
∗
DpYD
16
+ΛEnΛ
∗
EpYE)jp − (Λ
†
EnEΛEn + 3Λ
†
EnΛDpΛ
†
DpΛEn +Λ
†
EnΛEpΛ
†
EpΛEn)lj
−6(ΛDmΛ
†
Dn)jl[(D˜)mn + Tr(Λ
†
DmΛDn) + (ΛUqΛ
†
Uq )nm]
−3(Λ∗DnDΛ
t
Dn +Λ
∗
DnTΛ
t
Dn)lj − 3(ΛDnΛ
†
DpΛDpΛ
†
Dn)jl}
−2(ΛEl)ij{(6M2g
2
2 −
6
5
M1g
2
1)(E˜)lk + (3M2g
2
2 −
3
5
M1g
2
1)Tr(ΛEkΛ
†
El
)
−(6g22 −
6
5
g
2
1)(Y
†
EhE)lk − (3g
2
2 −
3
5
g
2
1)Tr(hEkΛ
†
El
) + 2(Y †EhEE˜
+Y †EEhE + Y
†
EΛEqΛ
†
EqhE + 3Y
†
EΛDqΛ
†
DqhE)lk
+2(Y †EhE)lkTr(E + 3D) + 2(E˜)lkTr(Y
†
EhE)
+2(Y †EΛEkΛ
†
EmhE)lm + 2Tr(ΛEkΛ
†
El
hEY
†
E)
−2(3Y †DΛ
t
DmΛ
†
El
hE − Y
†
EΛEmΛ
†
El
hE)mk + 6(E˜)lkTr(Y
†
DhD)
+2(Y †EhEkΛ
†
EmYE)lm − 6(Y
†
EΛEkΛ
∗
DmhD)lm + 2(Y
†
EhEqΛ
†
EqYE)lk
−6(Y †EhEkΛ
∗
DmYD)lm + 2Tr(hEkΛ
†
El
E) + 6Tr(hEkΛ
†
El
ΛDqΛ
†
Dq )
+2Tr(hEkΛ
†
El
ΛEqΛ
†
Eq ) + 2Tr(ΛEkΛ
†
El
hEqΛ
†
Eq ) + 2(Y
†
EhEmΛ
†
El
YE)mk
+6(Y †EhDqΛ
†
DqYE)lk + 6Tr(ΛEkΛ
†
El
hDqΛ
†
Dq )− 6(Y
†
Dh
t
DmΛ
†
El
YE)mk}
−2(YE)ik{(
2
5
M1g
2
1 − 16M3g
2
3)(ΛDqY
∗
D)jq −
6
5
M1g
2
1(ΛEqY
∗
E)jq
−(
2
5
g
2
1 − 16g
2
3)(hDqY
∗
D)jq +
6
5
g
2
1(hEqY
∗
E)jq + (3Λ
t
EnY
∗
Eh
t
EY
∗
E)jn
+3(hEY
†
EΛDmY
∗
D − hEY
†
EΛEmY
∗
E)jm − 3(ΛDnY
∗
Uh
t
UY
∗
D)jn
−9(ΛDqY
∗
Dh
t
DY
∗
D)jq + 3(h
t
EnΛ
∗
DpΛ
t
DpY
∗
E + h
t
EnE
t
Y
∗
E)jn
+(htEnΛ
∗
EpΛ
t
EpY
∗
E + Λ
t
EnΛ
∗
Eph
t
EpY
∗
E)jn + 3(Λ
t
EnΛ
∗
Dph
t
DpY
∗
E)jn
+(htEqY
∗
E)jlTr(Λ
t
ElΛ
∗
Eq ) + (Y
†
EΛEq )ljTr(h
t
ElΛ
∗
Eq )− 3(EhEmY
∗
E)jm
+6(ΛDqY
∗
Dh
t
UmΛ
∗
Um )jq + 3(EhDmY
∗
D)jm − 9(hDqD
t
Y
∗
D)jq
+6(hDqY
∗
DΛ
t
UmΛ
∗
Um )jq − 6(hDqY
∗
D)jlTr(Λ
∗
DlΛ
t
Dq )− 6(ΛDqY
∗
D)jlTr(Λ
∗
Dlh
t
Dq )
−3(Y †DTh
t
Dn)nj − 3(hDnΛ
†
DmΛDmY
∗
D + ΛDnΛ
†
DmhDmY
∗
D)jn}
+2(YE)jk{(
2
5
M1g
2
1 − 16M3g
2
3)(ΛDqY
∗
D)iq −
6
5
M1g
2
1(ΛEqY
∗
E)iq
−(
2
5
g
2
1 − 16g
2
3)(hDqY
∗
D)iq +
6
5
g
2
1(hEqY
∗
E)iq + (3Λ
t
EnY
∗
Eh
t
EY
∗
E)in
+3(hEY
†
EΛDmY
∗
D − hEY
†
EΛEmY
∗
E)im − 3(ΛDnY
∗
Uh
t
UY
∗
D)in
−9(ΛDkY
∗
Dh
t
DY
∗
D)ik + 3(h
t
EnΛ
∗
DpΛ
t
DpY
∗
E + h
t
EnE
t
Y
∗
E)in
+(htEnΛ
∗
EpΛ
t
EpY
∗
E + Λ
t
EnΛ
∗
Eph
t
EpY
∗
E)in + (h
t
EkY
∗
E)ilTr(Λ
t
ElΛ
∗
Ek)
+(ΛtEkY
∗
E)ilTr(h
t
ElΛ
∗
Ek)− 3(EhEmY
∗
E)im + 6(ΛDqY
∗
Dh
t
UmΛ
∗
Um)iq
+3(ΛtEnΛ
∗
Dph
t
DpY
∗
E)in + 3(EhDmY
∗
D)im − 9(hDqD
t
Y
∗
D)iq
+6(hDqY
∗
DΛ
t
UmΛ
∗
Um )iq − 6(hDqY
∗
D)ilTr(Λ
∗
DlΛ
t
Dq )− 6(ΛDqY
∗
D)ilTr(Λ
∗
Dlh
t
Dq)
−3(hDnY
∗
UY
t
UY
∗
D)in − 3(hDnΛ
†
DmΛDmY
∗
D + ΛDnΛ
†
DmhDmY
∗
D)in}
−2(ΛEk)il{(16M3g
2
3 −
2
5
M1g
2
1)(ΛDqΛ
†
Dq)jl +
6
5
M1g
2
1(E + ΛEqΛ
†
Eq )jl
−(16g23 −
2
5
g
2
1)(hDqΛ
†
Dq )jl −
6
5
g
2
1(hEY
†
E + hEqΛ
†
Eq )jl
+2(hEY
†
EE + EhEY
†
E)jl + (Y
†
E)ql(hE)jnTr(Λ
†
EnΛEq )
17
+2(ΛEnΛ
†
Eq )jl(Y
†
EhE)nq + (hEY
†
E)jlTr(E + 3D)
+(E)jlTr(hEY
†
E) + (hE)jq(3Λ
†
EqΛDpY
∗
D + Λ
†
EqΛEpY
∗
E)lp
−(Y ∗E)lq(ΛEqΛ
∗
EphE)jp + (Λ
†
EqhEY
†
EΛEq )lj + 3(Λ
∗
DqhUY
†
UΛ
t
Dq)lj
+3(E)jlTr(hDY
†
D)− 3(Y
†
E)ql(ΛEqΛ
∗
DphD)jp + 6(ΛDnΛ
†
Dq )jl(Y
†
DhD)nq
+3(Λ∗DqhDY
†
DΛ
t
Dq)lj + (Y
†
E)ql(YE)jnTr(Λ
†
EnhEq ) + 2(hEnΛ
†
Eq )jl(E˜)nq
+(hEnΛ
†
Eq )jlTr(Λ
†
EnΛEq ) + (ΛEnΛ
†
Eq )jlTr(Λ
†
EnhEq) + (YE)jq(Λ
†
EqhEpY
∗
E)lp
−(Y †E)ql(3hEqΛ
∗
DpYD + hEqΛ
∗
EpYE)jp + (Λ
†
EqEhEq
+3ΛtEqΛDpΛ
†
DphEq )lj + (Λ
†
EqhEpΛ
†
EpΛEq + Λ
†
EqΛEpΛ
†
EphEq )lj
+6(ΛDnΛ
†
Dq )jl(hUmΛ
†
Um )qn + 3(YE)jq(Λ
†
EqhDpY
∗
D)lp + 3(Λ
†
EqhDpΛ
†
DpΛEq )lj
+6(hDnΛ
†
Dq )jl[(D˜)nq + Tr(Λ
†
DnΛDq ) + (ΛUmΛ
†
Um )qn]
+6(ΛDnΛ
†
Dq )jlTr(Λ
†
DnhDq ) + 3(Λ
∗
DqDh
t
Dq + Λ
∗
DqTh
t
Dq)lj
+3(ΛDqΛ
†
DphDpΛ
†
Dq + hDqΛ
†
DpΛDpΛ
†
Dq )jl}
−2(ΛEk)lj{(16M3g
2
3 −
2
5
M1g
2
1)(ΛDqΛ
†
Dq)il +
6
5
M1g
2
1(E + ΛEqΛ
†
Eq )il
+(
2
5
g
2
1 − 16g
2
3)(hDqΛ
†
Dq )il −
6
5
g
2
1(hEY
†
E + hEqΛ
†
Eq)il
+2(hEY
†
EE + EhEY
†
E)il + (Y
†
E)ql(hE)inTr(Λ
†
EnΛEq )
+2(ΛEnΛ
†
Eq )il(Y
†
EhE)nq + (hEY
†
E)ilTr(E + 3D)
+EilTr(hEY
†
E) + (hE)iq(3Λ
†
EqΛDpY
∗
D +Λ
†
EqΛEpY
∗
D)lp
−(Y †E)ql(ΛEqΛ
∗
EphE)ip + (Λ
†
EqhEY
†
EΛEq )li + 3(Λ
∗
DqhUY
†
UΛ
t
Dq )li
+3(E)ilTr(hDY
†
D)− 3(Y
†
E)ql(ΛEqΛ
∗
DphD)ip + 6(ΛDnΛ
†
Dq )il(Y
†
DhD)nq
+3(Λ∗DqhDY
†
DΛ
t
Dq)li + (Y
†
E)ql(YE)inTr(Λ
†
EnhEq ) + 2(hEnΛ
†
Eq )il(E˜)nq
+(hEnΛ
†
Eq )ilTr(Λ
†
EnΛEq ) + (ΛEnΛ
†
Eq )ilTr(Λ
†
EnhEq ) + (YE)iq(Λ
†
EqhEpY
∗
E)lp
−3(Y †E)ql(hEqΛ
∗
DpYD)ip − (Y
†
E)ql(hEqΛ
∗
EpYE)ip + (Λ
†
EqEhEq
+3Λ†EqΛDpΛ
†
DphEq )li + (Λ
†
EqhEpΛ
†
EpΛEq +Λ
†
EqΛEpΛ
†
EphEq )li
+6(ΛDnΛ
†
Dq )il(hUmΛ
†
Um )qn + 3(YE)iq(Λ
†
EqhDpY
∗
D)lp + 3(Λ
†
EqhDpΛ
†
DpΛEq )li
+6(hDnΛ
†
Dq )il[(D˜)nq + Tr(Λ
†
DnΛDq ) + (ΛUmΛ
†
Um )qn]
+6(ΛDnΛ
†
Dq )ilTr(Λ
†
DnhDq ) + 3(Λ
∗
DqDh
t
Dq + Λ
∗
DqTh
t
Dq )li
+3(ΛDqΛ
†
DphDpΛ
†
Dq + hDqΛ
†
DpΛDpΛ
†
Dq )il}
+(hEk)ij{
234
25
g
4
1 +
15
2
g
4
2 +
207
50
g
4
1 +
9
5
g
2
1g
2
2}
−(ΛEk)ij{30M2g
4
2 +
18
5
(M1 +M2)g
2
2g
2
1 +
414
25
M1g
4
1 + 4(
936
25
)g41)} (44)
(16π2)2β
(2)
(h
Dk
)ij
= (hDl)ij{(
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
Uq )kl − 2(D)lkTr(E + 3D)
+(6g22 +
2
5
g
2
1)[Dkl + Tr(ΛDkΛ
†
Dl
)]− 2(Y †DDYD)lk − 2(Y
†
DTYD)lk
−2(Y tDΛ
†
DpΛDpY
∗
D)kl − 2Tr(Λ
t
DkΛ
∗
Dl [D + T ]
+Λ†
Dl
ΛDkΛ
†
DqΛDq )− Tr(6ΛDqΛ
†
DqΛDkΛ
†
Dl
+ 2ΛEqΛ
†
EqΛDkΛ
†
Dl
+2EΛDkΛ
†
Dl
)− 4(ΛUmD˜Λ
†
Um)kl − 4(Λ
†
UmΛUpΛ
†
UpΛUm )lk
+4(Λ†Um)lq(ΛUm )knTr(ΛDnΛ
†
Dq )− (6Y
†
DΛ
t
DkΛ
∗
DpYD)lp
18
−2(Y †DΛ
t
DkΛ
∗
EpYE)lp − (6Y
t
DΛ
†
Dl
ΛDpY
∗
D + 2Y
t
DΛ
†
Dl
ΛEpY
∗
E)kp
−2(Λ†UqΛUn)lk[Tr(Λ
†
UnΛUq ) + 2(T˜ )nq ]}
+(hDk)il{
2
5
g
2
1 [(D + 2T )jl + (Λ
†
DqΛDq )lj ]− (Λ
†
DmEΛDm)lj
−2(D2)jl − (D)jlTr(E + 3D) − 2(T
2)jl − 3(T )jlTr(T )
−2(Λ†DnΛDm)lj [(D˜)mn + (ΛUqΛ
†
Uq )nm + Tr(Λ
†
DmΛDn)]
−3(Λ†DmΛDqΛ
†
DqΛDm)lj − (Λ
†
DmΛEqΛ
†
EqΛDm)lj − (YD)jn(3Λ
†
DnΛDmY
∗
D
+Λ†DnΛEmY
∗
E)lm − 2(YDΛ
†
UqΛUqY
†
D)jl − 2(YD)jm(Y
†
D)nlTr(Λ
†
DmΛDn)
−(Y ∗D)ln(3Λ
t
DnΛ
∗
DmYD + Λ
t
DnΛ
∗
EmYE)jm − (YU)jn(Y
†
U )qlTr(Λ
†
UnΛUq )}
+(hDk)lj{(16g
2
3 −
2
5
g
2
1)(ΛDqΛ
†
Dq )il +
6
5
g
2
1(E + ΛEqΛ
†
Eq )il
−2(E2)il − (Y
†
E)ql(YE)inTr(Λ
†
EnΛEq )− 2(ΛEnΛ
†
Eq )il(E˜)nq
−(ΛEnΛ
†
Eq )ilTr(Λ
†
EnΛEq )− (E)ilTr(E + 3D)
−(YE)iq(3Λ
†
EqΛDpY
∗
D + Λ
†
EqΛEpY
∗
E)lp + (Y
∗
E)lq(3ΛEqΛ
∗
DpYD
+ΛEqΛ
∗
EpYE)ip − (Λ
†
EqEΛEq + 3Λ
†
EqΛDpΛ
†
DpΛEq + Λ
†
EqΛEpΛ
†
EpΛEq )li
−6(ΛDnΛ
†
Dq )il[(D˜)nq + Tr(Λ
†
DnΛDq ) + (ΛUmΛ
†
Um )qn]
−3(Λ∗DqDΛ
t
Dq +Λ
∗
DqTΛ
t
Dq )li − 3(ΛDqΛ
†
DpΛDpΛ
†
Dq )il}
−(hD)jk{(
2
5
g
2
1 − 16g
2
3)(ΛDqY
∗
D)iq −
6
5
g
2
1(ΛEqY
∗
E)iq
−(3ΛtEnΛ
∗
DpΛ
t
DpY
∗
E + Λ
t
EnΛ
∗
EpΛ
t
EpY
∗
E + 3Λ
t
EnE
t
Y
∗
E)in
−(ΛtEqY
∗
E)ilTr(Λ
t
ElΛ
∗
Eq )− 3(EΛDmY
∗
D − EΛEmY
∗
E)im
+9(ΛDqD
t
Y
∗
D)iq − 6(ΛDqY
∗
DΛ
t
UmΛ
∗
Um )iq + 6(ΛDqY
∗
D)ilTr(Λ
∗
DlΛ
t
Dq )
+3(ΛDnY
∗
UY
t
UY
∗
D +ΛDnΛ
†
DmΛDmY
∗
D)in}
−2(ΛDl)ij{(
16
3
M3g
2
3 +
16
15
M1g
2
1)(ΛUqΛ
†
Uq )kl
+(6M2g
2
2 +
2
5
M1g
2
1)[(D)kl + Tr(ΛDkΛ
†
Dl
)] + 2(htDΛ
†
DpΛDpY
∗
D)kl
−(
16
3
g
2
3 +
16
15
g
2
1)(hUqΛ
†
Uq )kl − (6g
2
2 +
2
5
g
2
1)[(hDY
†
D)kl + Tr(hDkΛ
†
Dl
)]
+2(D˜)lkTr(Y
†
EhE) + 2Tr(hEY
†
EΛDkΛ
†
Dl
) + 2(Y †DΛ
t
DkΛ
∗
EphE)lp
+2(Y †DhUY
†
UYD)lk + 2Tr(Λ
t
DkΛ
∗
DlhUY
†
U ) + 4(Λ
†
UqΛUn )lk(Y
†
UhU )nq
+2(Y †DhDD˜)lk + 2(Y
†
DDhD)lk + 2(Y
†
DThD)lk
+2(Y †DhD)lkTr(E + 3D) + 6D˜lkTr(Y
†
DhD)
+2Tr(ΛtDkΛ
∗
DlhDY
†
D) + 4(ΛUmY
†
DhDΛ
†
Um )kl + 6(Y
†
DΛ
t
DkΛ
∗
DphD)lp
+6(htDΛ
†
Dl
ΛDpY
∗
D + 2h
t
DΛ
†
Dl
ΛEpY
∗
E)kp + Tr(2hEqΛ
†
EqΛDkΛ
†
Dl
)
+2(Y tDΛ
†
Dl
hEpY
∗
E)kp + 4(hUmD˜Λ
†
Um )kl + 4(Λ
†
UmhUpΛ
†
UpΛUm )lk
+4(Λ†UmΛUpΛ
†
UphUm )lk − 4(Λ
†
Um )lq(hUm)knTr(ΛDnΛ
†
Dq ) + 2(Y
t
DΛ
†
DphDpY
∗
D)kl
+2(Λ†UqhUn)lk[Tr(Λ
†
UnΛUq ) + 2(T˜ )nq ] + 2(Λ
†
UqΛUn)lkTr(Λ
†
UnhUq )
+2Tr(htDkΛ
∗
Dl(D + T ) + Λ
†
Dl
hDkΛ
†
DqΛDq +Λ
†
Dl
ΛDkΛ
†
DqhDq )
+Tr(6hDqΛ
†
DqΛDkΛ
†
Dl
+ 6ΛDqΛ
†
DqhDkΛ
†
Dl
+ 2ΛEqΛ
†
EqhDkΛ
†
Dl
+ 2EhDkΛ
†
Dl
)
−4(Λ†Um)lq(ΛUm )knTr(hDnΛ
†
Dq ) + (6Y
†
Dh
t
DkΛ
∗
DpYD)lp
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+2(Y †Dh
t
DkΛ
∗
EpYE)lp + (6Y
t
DΛ
†
Dl
hDpY
∗
D)kp}
−2(ΛDk)il{
2
5
M1g
2
1 [(D + 2T )jl + (Λ
†
DqΛDq)lj ]
−
2
5
g
2
1[(hDY
†
D + 2hUY
†
U )jl + (Λ
†
DqhDq )lj ] + 3(hUY
†
U )jlTr(T )
+(D)jlTr(Y
†
EhE) + (Λ
†
DmhEY
†
EΛDm)lj + (Y
∗
D)ln(3Λ
t
DnΛ
∗
EmhE)jm
+2(hUY
†
UT )jl + 2(ThUY
†
U )jl + (YD)jn(Λ
†
DnhEmY
∗
E)lm
+3(T )jlTr(Y
†
UhU ) + (hU )jn(Y
†
U)qlTr(Λ
†
UnΛUq ) + 2(hDY
†
DD
+DhDY
†
D)jl + (hDY
†
D)jlTr(E + 3D) + (YU )jn(Y
†
U)qlTr(Λ
†
UnhUq )
+(D)jlTr(3Y
†
DhD) + 2(Λ
†
DnΛDm)lj(Y
†
DhD)mn + (hD)jn(3Λ
†
DnΛDmY
∗
D
+Λ†DnΛEmY
∗
E)lm + 2(hDΛ
†
UqΛUqY
†
D)jl + 2(hD)jm(Y
†
D)nlTr(Λ
†
DmΛDn)
+3(Y ∗D)ln(Λ
t
DnΛ
∗
DmhD)jm + (Λ
†
DmhEqΛ
†
EqΛDm)lj
+2(Λ†DnΛDn)lj(hUqΛ
†
Uq )nm + 2(YDΛ
†
UqhUqY
†
D)jl
+2(Λ†DnhDm)lj [(D˜)mn + (ΛUqΛ
†
Uq )nm + Tr(Λ
†
DmΛDn)]
+2(Λ†DnΛDm)ljTr(Λ
†
DmhDn) + (Λ
†
DmEhDm)lj + 3(Λ
†
DmhDqΛ
†
DqΛDm
+Λ†DmΛDqΛ
†
DqhDm)lj + (Λ
†
DmΛEqΛ
†
EqhDm)lj + 3(YD)jn(Λ
†
DnhDmY
∗
D)lm
+2(YD)jm(Y
†
D)nlTr(Λ
†
DmhDn) + (Y
∗
D)ln(3h
t
DnΛ
∗
DmYD + h
t
DnΛ
∗
EmYE)jm}
−2(ΛDk)lj{(16M3g
2
3 −
2
5
M1g
2
1)(ΛDqΛ
†
Dq )il +
6
5
M1g
2
1(E +ΛEqΛ
†
Eq )il
−(16g23 −
2
5
g
2
1)(hDqΛ
†
Dq )il −
6
5
g
2
1(hEY
†
E + hEqΛ
†
Eq )il
+2(hEY
†
EE + EhEY
†
E)il + (Y
†
E)ql(hE)inTr(Λ
†
EnΛEq )
+(hEY
†
E)ilTr(E + 3D) + (E)ilTr(hEY
†
E + 3hDY
†
D)
+(hE)iq(3Λ
†
EqΛDpY
∗
D + Λ
†
EqΛEpY
∗
E)lp − (Y
∗
E)lq(ΛEqΛ
∗
EphE)ip
+(Λ†EqhEY
†
EΛEq )li + 3(Λ
∗
DqhUY
†
UΛ
t
Dq)li + 2(ΛEnΛ
†
Eq )il(Y
†
EhE)nq
−3(Y ∗E)lq(ΛEqΛ
∗
DphD)ip + 6(ΛDnΛ
†
Dq )il(Y
†
DhD)nq + 3(Λ
∗
DqhDY
†
DΛ
t
Dq )li
+(Y †E)ql(YE)inTr(Λ
†
EnhEq ) + 2(hEnΛ
†
Eq )il(E˜)nq
+(ΛEnΛ
†
Eq )ilTr(Λ
†
EnhEq ) + (YE)iq(Λ
†
EqhEpY
∗
E)lp − (Y
∗
E)lq(3hEqΛ
∗
DpYD
+hEqΛ
∗
EpYE)ip + (Λ
†
EqEhEq + 3Λ
†
EqΛDpΛ
†
DphEq
+Λ†EqhEpΛ
†
EpΛEq + Λ
†
EqΛEpΛ
†
EphEq )li + 6(ΛDnΛ
†
Dq )il(hUmΛ
†
Um )qn
+3(YE)iq(Λ
†
EqhDpY
∗
D)lp + 3(Λ
†
EqhDpΛ
†
DpΛEq )li + 6(hDnΛ
†
Dq )il[(D˜)nq
+Tr(Λ†DnΛDq ) + (ΛUmΛ
†
Um )qn] + 6(ΛDnΛ
†
Dq )ilTr(Λ
†
DnhDq )
+3(Λ∗DqDh
t
Dq +Λ
∗
DqTh
t
Dq)li + (hEnΛ
†
Eq )ilTr(Λ
†
EnΛEq )
+3(ΛDqΛ
†
DphDpΛ
†
Dq + hDqΛ
†
DpΛDpΛ
†
Dq )il}
+2(YD)jk{(
2
5
M1g
2
1 − 16M3g
2
3)(ΛDqY
∗
D)iq −
6
5
M1g
2
1(ΛEqY
∗
E)iq
−(
2
5
g
2
1 − 16g
2
3)(hDqY
∗
D)iq +
6
5
g
2
1(hEqY
∗
E)iq + (3Λ
t
EnY
∗
Eh
t
EY
∗
E)in
+3(hEY
†
EΛDmY
∗
D − hEY
†
EΛEmY
∗
E)im − 3(ΛDnY
∗
Uh
t
UY
∗
D)in
−9(ΛDqY
∗
Dh
t
DY
∗
D)iq + (3h
t
EnΛ
∗
DpΛ
t
DpY
∗
E + h
t
EnΛ
∗
EpΛ
t
EpY
∗
E
+ΛtEnΛ
∗
Eph
t
EpY
∗
E + 3h
t
EnE
t
Y
∗
E)in + (h
t
EqY
∗
E)ilTr(Λ
t
ElΛ
∗
Eq )
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+(ΛtEqY
∗
E)ilTr(h
t
ElΛ
∗
Eq )− 3(EhEmY
∗
E)im + 6(ΛDqY
∗
Dh
t
UmΛ
∗
Um)iq
+3(ΛtEnΛ
∗
Dph
t
DpY
∗
E)in + 3(EhDmY
∗
D)im − 6(ΛDqY
∗
D)ilTr(Λ
∗
Dlh
t
Dq )
+6(hDqY
∗
DΛ
t
UmΛ
∗
Um )iq − 6(hDqY
∗
D)ilTr(Λ
∗
DlΛ
t
Dq )− 9(hDqD
t
Y
∗
D)iq
−3(Y †DTh
t
Dn)ni − 3(hDnΛ
†
DmΛDmY
∗
D +ΛDnΛ
†
DmhDmY
∗
D)in}
+(hDk)ij{
15
2
g
4
2 +
287
90
g
4
1 −
16
9
g
4
3 + 8g
2
3g
2
2 +
8
9
g
2
3g
2
1 + g
2
2g
2
1}
+(ΛDk)ij{−30M2g
2
2 −
574
45
M1g
4
1 +
64
9
M3g
4
3 − 16(M3 +M2)g
2
3g
2
2
−
16
9
(M3 +M1)g
2
3g
2
1 − 2(M1 +M2)g
2
2g
2
1} (45)
(16π2)2β
(2)
(h
Ui
)jk
= (hUl)jk{(6g
2
2 −
2
5
g
2
1)(T˜ )li + (
8
3
g
2
3 −
4
15
g
2
1)Tr(ΛUiΛ
†
Ul
)
−2(Y †UDYU )li − 6(T˜ )liTr(T )− 4Tr(ΛUiΛ
†
Ul
ΛUpΛ
†
Up)
−2(Y †UΛ
t
DmΛ
∗
DmYU )li − 4(Λ
†
Ul
ΛUi)qmTr(Λ
†
DmΛDq )− 2(Y
†
UTYU)li
−4Tr(Λ†
Ul
ΛUiD˜)}+ (hUi)lk{(
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
Uq )jl
+(6g22 +
2
5
g
2
1)[(D)jl + Tr(ΛDjΛ
†
Dl
)]− 2(Y †DDYD + Y
†
DTYD)lj
−2(Y tDΛ
†
DpΛDpY
∗
D)jl − 6Tr(ΛDqΛ
†
DqΛDjΛ
†
Dl
)− (6Y †DΛ
t
DjΛ
∗
DpYD)lp
−2Tr[ΛtDjΛ
∗
Dl(D + T ) + Λ
†
Dl
ΛDjΛ
†
DqΛDq ]− 2D˜ljTr(E + 3D)
+2Tr(ΛEqΛ
†
EqΛDjΛ
†
Dl
+EΛDjΛ
†
Dl
)− 4(ΛUmD˜Λ
†
Um )jl
−4(Λ†UmΛUpΛ
†
UpΛUm )lj + 4(Λ
†
Um )lq(ΛUm)jnTr(ΛDnΛ
†
Dq )
−2(Y †DΛ
t
DjΛ
∗
EpYE)lp − (6Y
t
DΛ
†
Dl
ΛDpY
∗
D + 2Y
t
DΛ
†
Dl
ΛEpY
∗
E)jp
−2(Λ†UqΛUn )lj [Tr(Λ
†
UnΛUq ) + 2(Y
†
UYU )nq ]}
+(hUi)jl{(
16
3
g
2
3 +
16
15
g
2
1)(ΛUqΛ
†
Uq )kl + (6g
2
2 +
2
5
g
2
1)[Dkl
+Tr(ΛDkΛ
†
Dl
)]− 2(Y †DDYD)lk − 2(Y
†
DTYD)lk
−2D˜lkTr(E + 3D) − 2(Y
t
DΛ
†
DpΛDpY
∗
D)kl
−2Tr[ΛtDkΛ
∗
Dl(D + T )]− 2Tr(Λ
†
Dl
ΛDkΛ
†
DqΛDq )
−Tr(6ΛDqΛ
†
DqΛDkΛ
†
Dl
+ 2ΛEqΛ
†
EqΛDkΛ
†
Dl
+ 2EΛDkΛ
†
Dl
)
−4(ΛUmD˜Λ
†
Um )kl − 4(Λ
†
UmΛUpΛ
†
UpΛUm )lk − 6(Y
†
DΛ
t
DkΛ
∗
DpYD)lp
+4(Λ†Um)lq(ΛUm)knTr(ΛDnΛ
†
Dq )− (6Y
t
DΛ
†
Dl
ΛDpY
∗
D + 2Y
t
DΛ
†
Dl
ΛEpY
∗
E)kp
−2(Y †DΛ
t
DkΛ
∗
EpYE)lp − 2(Λ
†
UqΛUn)lk[Tr(Λ
†
UnΛUq ) + 2(T˜ )nq]}
−2(ΛUl)jk{(6M2g
2
2 −
2
5
M1g
2
1)(T˜ )li − (6g
2
2 −
2
5
g
2
1)(Y
†
UhU )li
−(
8
3
g
2
3 −
4
15
g
2
1)Tr(hUiΛ
†
Ul
) + (
8
3
M3g
2
3 −
4
15
M1g
2
1)Tr(ΛUiΛ
†
Ul
)
+2(Y †UhU T˜ + Y
†
UThU + Y
†
UDhU )li + 2(Y
†
UΛ
t
DmΛ
∗
DmhU )li
+6(Y †UhU )liTr(T ) + 6(T˜ )liTr(hUY
†
U ) + 2(Y
†
UhDY
†
DYU )li
+4Tr(Λ†
Ul
ΛUiY
†
DhD) + 4(Λ
†
Ul
hUi)nmTr(Λ
†
DmΛDn)
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+4Tr(hUiΛ
†
Ul
ΛUpΛ
†
Up) + 4Tr(ΛUiΛ
†
Ul
hUpΛ
†
Up)
+4Tr(Λ†
Ul
hUiD˜) + 2(Y
†
Uh
t
DmΛ
∗
DmYU)li + 4(Λ
†
Ul
ΛUi)nmTr(Λ
†
DmhDn)}
−2(ΛUi)lk{(
16
3
M3g
2
3 +
16
15
M1g
2
1)(ΛUqΛ
†
Uq )jl + 2(Y
†
DΛ
t
DjΛ
∗
EphE)lp
−(6g22 +
2
5
g
2
1)[(hDY
†
D)jl + Tr(hDjΛ
†
Dl
)] + 2Tr(hEY
†
EΛDjΛ
†
Dl
)
+(6M2g
2
2 +
2
5
M1g
2
1)[(D)jl + Tr(ΛDjΛ
†
Dl
)]− (
16
3
g
2
3 +
16
15
g
2
1)(hUqΛ
†
Uq )jl
+2D˜ljTr(Y
†
EhE) + 2Tr(Λ
t
DjΛ
∗
DlhUY
†
U ) + 4(Λ
†
UqΛUn)lj(Y
†
UhU )nq
+2(Y †DhDD˜ + Y
†
DhUY
†
UYD)lj + 2(Y
†
DDhD + Y
†
DThD)lj
+2(Y †DhD)ljTr(E + 3D) + 6D˜ljTr(Y
†
DhD)
+2(htDΛ
†
DpΛDpY
∗
D)jl + 2Tr(Λ
t
DjΛ
∗
DlhDY
†
D) + 4(ΛUmY
†
DhDΛ
†
Um)jl
+6(Y †DΛ
t
DjΛ
∗
DphD)lp + (6h
t
DΛ
†
Dl
ΛDpY
∗
D + 2h
t
DΛ
†
Dl
ΛEpY
∗
E)jp
+2Tr(hEqΛ
†
EqΛDjΛ
†
Dl
) + 2(Y tDΛ
†
Dl
hEpY
∗
E)jp + 4(hUmD˜Λ
†
Um )jl
+4(Λ†UmhUpΛ
†
UpΛUm )lj + 4(Λ
†
UmΛUpΛ
†
UphUm )lj − 4(Λ
†
Um )lq(hUm )jnTr(ΛDnΛ
†
Dq )
+2(Λ†UqhUn )lj [Tr(Λ
†
UnΛUq ) + 2(T˜ )nq] + 2(Λ
†
UqΛUn )ljTr(Λ
†
UnhUq )
+2(Y tDΛ
†
DphDpY
∗
D)jl + 2Tr[h
t
DjΛ
∗
Dl(D + T ) + Λ
†
Dl
hDjΛ
†
DqΛDq
+Λ†
Dl
ΛDjΛ
†
DqhDq ] + 6Tr(hDqΛ
†
DqΛDjΛ
†
Dl
+ ΛDqΛ
†
DqhDjΛ
†
Dl
)
+2Tr(ΛEqΛ
†
EqhDjΛ
†
Dl
+EhDjΛ
†
Dl
)− 4(Λ†Um)lq(ΛUm)jnTr(hDnΛ
†
Dq)
+(6Y †Dh
t
DjΛ
∗
DpYD)lp + 2(Y
†
Dh
t
DjΛ
∗
EpYE)lp + (6Y
t
DΛ
†
Dl
hDpY
∗
D)jp}
−2(ΛUi)jl{(
16
3
M3g
2
3 +
16
15
M1g
2
1)(ΛUqΛ
†
Uq )kl − (6g
2
2 +
2
5
g
2
1)(hDY
†
D)kl
+(6M2g
2
2 +
2
5
M1g
2
1)[(D)kl + Tr(ΛDkΛ
†
Dl
)]− (
16
3
g
2
3 +
16
15
g
2
1)(hUqΛ
†
Uq )kl
+2(D˜)lkTr(Y
†
EhE) + Tr(2hEY
†
EΛDkΛ
†
Dl
) + 2(Y †DΛ
t
DkΛ
∗
EphE)lp
+2(Y †DhUY
†
UYD)lk + 2Tr(Λ
t
DkΛ
∗
DlhUY
†
U ) + 4(Λ
†
UqΛUn )lk(Y
†
UhU )nq
+2(Y †DhDD˜)lk + 2(Y
†
DDhD)lk + 2(Y
†
DThD)lk
+6(D˜)lkTr(Y
†
DhD) + 2(h
t
DΛ
†
DpΛDpY
∗
D)kl + 2Tr(Λ
t
DkΛ
∗
DlhDY
†
D)
+4(ΛUmY
†
DhDΛ
†
Um )kl + 6(Y
†
DΛ
t
DkΛ
∗
DphD)lp + 6(h
t
DΛ
†
Dl
ΛDpY
∗
D
+2htDΛ
†
Dl
ΛEpY
∗
E)kp + 2Tr(hEqΛ
†
EqΛDkΛ
†
Dl
) + 2(Y tDΛ
†
Dl
hEpY
∗
E)kp
+4(hUmD˜Λ
†
Um )kl + 4(Λ
†
UmhUpΛ
†
UpΛUm )lk + 4(Λ
†
UmΛUpΛ
†
UphUm)lk
−4(Λ†Um)lq(hUm)knTr(ΛDnΛ
†
Dq ) + 2(Λ
†
UqhUn)lk[Tr(Λ
†
UnΛUq ) + 2(T˜ )nq]
+2(Λ†UqΛUn )lkTr(Λ
†
UnhUq ) + 2(Y
t
DΛ
†
DphDpY
∗
D)kl + 2Tr[h
t
DkΛ
∗
Dl(D + T )]
+2Tr(Λ†
Dl
hDkΛ
†
DqΛDq +Λ
†
Dl
ΛDkΛ
†
DqhDq ) + Tr(6hDqΛ
†
DqΛDkΛ
†
Dl
+6ΛDqΛ
†
DqhDkΛ
†
Dl
+ 2ΛEqΛ
†
EqhDkΛ
†
Dl
+ 2EhDkΛ
†
Dl
)
−4(Λ†Um)lq(ΛUm)knTr(hDnΛ
†
Dq ) + 6(Y
†
Dh
t
DkΛ
∗
DpYD)lp + 2(Y
†
Dh
t
DkΛ
∗
EpYE)lp
+6(Y tDΛ
†
Dl
hDpY
∗
D)kp + 2(Y
†
DhD)lkTr(E + 3D)}
+(ΛUi)jk(
32
3
M3g
4
3 −
112
5
M1g
4
1 −
128
15
(M1 +M3)g
2
3g
2
1)
22
+(hUi)jk(−
8
3
g
4
3 +
28
5
g
4
1 +
64
15
g
2
3g
2
1) (46)
The two loop β functions for the gaugino masses and soft breaking masses are given
by:
(16π2)2β
(2)
M1
= (16π2)2β
(2)
M1(RPC)
− 2M1g
2
1{
12
5
Tr(ΛUiΛ
†
Ui
) +
14
5
Tr(ΛDih
†
Di
) +
9
5
Tr(ΛEiΛ
†
Ei
)}
+2g21 [
12
5
Tr(hUiΛ
†
Ui
) +
14
5
Tr(hDiΛ
†
Di
) +
9
5
Tr(hEiΛ
†
Ei
)] (47)
(16π2)2β
(2)
M2
= (16π2)2β
(2)
M2(RPC)
− 2M2g
2
2 [6Tr(ΛDiΛ
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EΛEj )ilm
2
H1L˜l
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2
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†
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†
EΛEl(m
2
L˜)
tΛ†
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†
Dl
YE)ij − 6(Y
†
EΛDlΛ
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L˜qH1
− 6(Y tEΛ
∗
DmYD)jm(Y
†
E)ilm
2
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H1L˜l
−4(Y †Em
2
L˜
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†
EmYE)im − 4Tr(Em
2
L˜
ΛEjΛ
†
Ei
)
−4(Y †EΛEjΛ
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†
Ei
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L˜qH1
− 12Tr(ΛEjΛ
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2
L˜
)tΛ†
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tΛ†
Ei
YE)qjm
2
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L˜lH1
+ 6(m2
E˜
Y
†
EΛEjΛ
∗
DmYD)im + 6(Λ
†
Ei
ΛEjΛ
∗
DmYD)lmm
2
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1)(ΛDqh
†
Dq )ij −
12
5
M1g
2
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†
Ek
)ijTr(h
†
El
hEk)
−2(hE)ik(3h
†
Ek
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†
Uk
ΛUq )ijTr(Λ
†
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ΛUk )− 8(Λ
†
Uk
ΛUl)ijTr(Λ
†
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ΛUkm
2
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)
−4(m2
U˜
)qk(Λ
†
Uk
ΛUl)ijTr(Λ
†
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ΛUq )− 4(Λ
†
Uk
ΛUlm
2
D˜
)ij T˜lk
−8(Λ†
Uk
m
2
D˜
t
ΛUl )ijT˜lk − 8(m
2
U˜
T˜ )lk(Λ
†
Uk
ΛUl )ij
−8(Λ†
Uk
ΛUl)ij(Y
†
Um
2
Q˜YU )lk − 8(Λ
†
Uk
ΛUl)ij(T˜m
2
U˜ )lk
−8m2H2(Λ
†
Uk
ΛUl)ij T˜lk + 4(Λ
†
Umm
2
D˜
)iq(ΛUm )jlTr(ΛDlΛ
†
Dq )
−4(Λ†UmY
†
DΛ
t
Dl)iq(ΛUm )jlm
2
H1L˜q
− 2(m2
D˜
Y
†
DΛ
t
DjΛ
∗
EpYE)ip
−2(m2
D˜
)ilTr(EΛDjΛ
†
Dl
) + 4(EΛDjY
∗
D)kim
2
H1L˜k
− 4T˜lk(m
2
D˜
Λ†
Uk
ΛUl )ij
−2Tr(Λ†
Ul
ΛUk )(m
2
D˜
Λ†
Uk
ΛUl)ij − 2(m
2
E˜
Y
†
EΛ
t
EpΛ
∗
DiYD)pj − 2(m
2
D˜
)pl(Y
t
DΛ
†
Dl
ΛDpY
∗
D)ji
−2(m2
D˜
Y
†
DΛ
t
DpΛ
∗
DpYD)ij − 2(mD˜)ilTr(ΛDjD
tΛ†
Dl
)
−2(m2
D˜
)ilTr(ΛDjY
∗
UY
t
UΛ
†
Dl
)− 2(m2
D˜
)ilTr(Λ
†
Dl
ΛDjΛ
†
DqΛDq)
−6(m2
D˜
)ilTr(ΛDqΛ
†
DqΛDjΛ
†
Dl
)− 2(m2
D˜
)ilTr(ΛEqΛ
†
EqΛDjΛ
†
Dl
)
+4(ΛUm )jk(Λ
∗
DkYDΛ
†
Um )lim
2
L˜lH1
− 4(ΛUmD˜Λ
†
Umm
2
D˜
t
)ji − 4(m
2
D˜
Λ†UmΛUpΛ
†
UpΛUm)ij
+4(ΛUm )jlTr(ΛDlΛ
†
Dk
)[(m2
D˜
Λ†Um )ik + (Λ
†
Umm
2
D˜
t
)ik + (m
2
U˜
)mq(Λ
†
Uq )ik]
−6(m2
D˜
Y
†
DΛ
t
DjΛ
∗
DpYD)ip − 6(Y
†
DΛ
t
DjΛ
∗
DlYDm
2
D˜
)il
−2(m2
D˜
)il(Y
t
DΛ
†
Dl
ΛEpY
∗
E)jp − 6(m
2
D˜
Y
†
DΛ
t
DpΛ
∗
DiYD)pj
−2((m2
E˜
)tY tEΛ
†
El
ΛDjY
∗
D)li − 6(m
2
D˜
)il(Y
t
DΛ
†
Dl
ΛDpY
∗
D)jp −
2
5
s
′
δij (53)
(16π2)2β
(2)
(M2
U˜
)ij
= (16π2)2β
(2)
(M2
U˜
)RPC
+
(
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3
M
2
3 g
2
3 −
16
15
M
2
1 g
2
1)Tr(ΛUjΛ
†
Ui
)− (
16
3
M
∗
3 g
2
3 −
8
15
M
∗
1 g
2
1)Tr(hUjΛ
†
Ui
)
+(
16
3
g
2
3 −
8
15
g
2
1)Tr(hUjh
†
Ui
)− 8(h†
Ui
ΛUj )lmTr(Λ
†
DmhDl)
−4(h†UΛ
t
DmΛ
∗
DmhU + h
†
Uh
t
DmΛ
∗
DmYU )ij − 4(Y
†
Uh
t
Dmh
∗
DmYU + Y
†
UΛ
t
Dmh
∗
DmhU )ij
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−(
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3
M3g
2
3 −
8
15
M1g
2
1)Tr(ΛUjh
†
Ui
)− 8(h†
Ui
hUj )lmTr(Λ
†
DmΛDl)
−8(Λ†
Ui
hUj )lmTr(h
†
DmΛDl)− 8(Λ
†
Ui
ΛUj )lmTr(h
†
DmhDl)
−8Tr(hUjh
†
Ui
ΛUpΛ
†
Up +ΛUjh
†
Ui
hUpΛ
†
Up + hUjΛ
†
Ui
ΛUph
†
Up + ΛUjΛ
†
Ui
hUph
†
Up)
−8Tr(h†
Ui
hUj D˜ + h
†
Ui
ΛUjY
†
DhD)− 8Tr(Λ
†
Ui
hUjh
†
DYD + Λ
†
Ui
ΛUjh
†
DhD)
+(
8
3
g
2
3 −
4
15
g
2
1)[4Tr(ΛUjm
2
D˜
Λ†
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) + (m2
U˜
)ilTr(ΛUjΛ
†
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) + (m2
U˜
)ljTr(ΛUlΛ
†
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+2(Y †UΛ
t
Dk)iq(Y
†
DYU )kjm
2
H1L˜q
− 4(Y tUΛ
†
Dmm
2
L˜
ΛDmY
∗
U )ji
−4(Y tUΛ
†
DmΛDmm
2
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t
Y
∗
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2
D˜
)lm(Y
t
UΛ
†
DmΛDlY
∗
U )ji
+4(Y †UYD)im(Λ
∗
DmYU)ljm
2
L˜lH1
− 4(Y †UΛ
t
DmΛ
∗
Dmm
2
Q˜
YU )ij
−2(Y †UΛ
t
DmΛ
∗
DmYUm
2
U˜
)ij − 4m
2
H2
(Y †UΛ
t
DmΛ
∗
DmYU )ij
−8Tr(Λ†DmΛDl)(Λ
†
Ui
ΛUjm
2
D˜
)lm − 8Tr(Λ
†
DmΛDl)(Λ
†
Ui
m
2
D˜
t
ΛUj )lm
−4(m2
U˜
)qj(Λ
†
Ui
ΛUq )lmTr(Λ
†
DmΛDl)− 8(Λ
†
Ui
ΛUj )lmTr(Λ
†
Dmm
2
L˜
ΛDl)
−8(Λ†
Ui
ΛUj )lmTr(Λ
†
DmΛDlm
2
Q˜
t
)− 8(m2
D˜
Λ†
Ui
ΛUj )qmTr(Λ
†
DmΛDq )
+8(Λ∗DmYDΛ
†
Ui
ΛUj )qmm
2
L˜qH1
− 8Tr(ΛUjm
2
D˜
Λ†
Ui
ΛUpΛ
†
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−8Tr(m2
D˜
t
ΛUjΛ
†
Ui
ΛUpΛ
†
Up )− 4(m
2
U˜
)ljTr(ΛUlΛ
†
Ui
ΛUpΛ
†
Up )
−8Tr(ΛUjΛ
†
Ui
m
2
D˜
t
ΛUpΛ
†
Up )− 8Tr(ΛUjΛ
†
Ui
ΛUpm
2
D˜
Λ†Up )
−8(m2U˜ )lpTr(ΛUjΛ
†
Ui
ΛUlΛ
†
Up )− 8Tr(Λ
†
Ui
ΛUjm
2
D˜D˜) + 8(Λ
†
Ui
ΛUjY
†
DΛ
t
Dk)klm
2
H1L˜l
−8Tr(Λ†
Ui
m
2
D˜
t
ΛUj D˜)− 4Tr(Λ
†
Ui
ΛUlD˜)(m
2
U˜
)lj − 8m
2
H1
Tr(Λ†
Ui
ΛUj D˜)
−2(m2U˜Y
†
UΛ
t
DmΛ
∗
DmYU )ij + 2(Y
†
DYU )mj(ΛDmY
∗
U )qim
2
H1L˜q
−4(m2
U˜
)iq(Λ
†
UqΛUj )lmTr(Λ
†
DmΛDl)− 4(m
2
U˜
)ilTr(Λ
†
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ΛUpΛ
†
UpΛUj )
−8Tr(Λ†
Ui
ΛUjY
†
Dm
2
Q˜
YD)− 8Tr(Λ
†
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2
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)ilTr(Λ
†
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4
5
s
′
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(16π2)2β
(2)
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H1
)
= (16π2)2β
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(M2
H1
)RPC
+−6Tr(hEh
†
EΛDqΛ
†
Dq + YEh
†
EhDqΛ
†
Dq + hEY
†
EΛDqh
†
Dq
+EhDqh
†
Dq )− 2Tr(hEh
†
EΛEqΛ
†
Eq + YEh
†
EhEqΛ
†
Eq + hEY
†
EΛEqh
†
Eq + EhEqh
†
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−12Tr(h†DhDΛ
†
UqΛUq + h
†
DYDΛ
†
UqhUq + Y
†
DhDh
†
UqΛUq + D˜h
†
UqhUq )
−6Tr(hDh
†
DΛ
t
DqΛ
∗
Dq + YDh
†
Dh
t
DqΛ
∗
Dq + hDY
†
DΛ
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Dqh
∗
Dq
+DhtDqh
∗
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†
EhE)ijTr(Λ
†
Ej
ΛEi)− 2(h
†
EYE)ijTr(Λ
†
Ej
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−2(Y †EhE)ijTr(h
†
Ej
ΛEi)− 2(E˜)ijTr(h
†
Ej
hEi)− 12(h
†
DhD)ikTr(Λ
†
Dk
ΛDi)
−12(h†DYD)ikTr(Λ
†
Dk
hDi)− 12(Y
†
DhD)ikTr(h
†
Dk
ΛDi)
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Dk
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D˜
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D˜
D˜)ik
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5
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2
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∗
DkYD)lkm
2
L˜lH1
+ (ΛDkY
∗
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2
H1L˜l
]
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6
5
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†
EΛEk)klm
2
H1L˜l
+ (Λ†
Ek
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2
L˜lH1
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2
E˜
Y
†
EΛDqΛ
†
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ΛDqΛ
†
Dq)− 6Tr(EΛDq(m
2
Q˜
)tΛ†Dq )
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−6(m2
D˜
)lqTr(EΛDlΛ
†
Dq )− 6Tr(D
tΛ†Dqm
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ΛDq )
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Dk
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H1L˜l
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†
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−2m2H1Tr(EΛEqΛ
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Eq )− 12Tr(YDΛ
†
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)
−12m2H1Tr(D˜Λ
†
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2
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Q˜
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DΛtDqΛ
∗
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2
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†
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†
EqYEm
2
E˜
Y
†
E) + 27m
2
H1L˜l
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−9(Λ†
Ek
EYE)lkm
2
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†
Uk
hUj )− 6(Y
†
UhU )jkTr(h
†
Uk
ΛUj )
−6Tr(m2
Q˜
TΛtDqΛ
∗
Dq + YUm
2
U˜
YUΛ
t
DqΛ
∗
Dq )− 6m
2
H2
Tr(TΛtDqΛ
∗
Dq)
−6m2H2 T˜jkTr(Λ
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∗
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Ej
ΛDpΛ
†
Dpm
2
L˜
YE)ij
−3m2H1(Λ
†
Ej
ΛDpΛ
†
DpYE)ij − 6(Λ
†
Ej
ΛDpΛ
†
DpYEm
2
E˜
)ij
−3(Λ†
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where
(m2
H1L˜i
) = (m2
L˜iH1
)∗, D = YDY
†
D, T = YUY
†
U , E = YEY
†
E, D˜ = Y
†
DYD, T˜ = Y
†
UYU , E˜ = Y
†
EYE, (58)
and
s
′ = 2g21 [Tr(Λ
†
DqΛDqm
2
Q˜
t
)− Tr(Λ†EqΛEqm
2
L˜
) + 2Tr(Λ†UqΛUqm
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−2(m2
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)klTr(Λ
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ΛUk ) + 2(m
2
D˜
)klTr(Λ
†
Dl
ΛDk ) + (m
2
E˜
)klTr(Λ
†
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ΛEk)](59)
for the soft SUSY breaking masses, the s′-term comes from exclusion the U(1) Fayet-
Iliopoulos (FI) D-term by using its equation of motion then this renormalization gives
rise to extra contributions proportional to the U(1) gauge coupling [7]. To check our
results,first we have calculated the full one loop R-parity violating RGEs, and have
compared with ref [7, 21]. Our results are the same as theirs. Moreover; to test the
above method we have obtained the full two loop R-parity conserving RGEs which are
consistent with results in ref [22]. Finally, when we set all lepton number violating
couplings to be zero we have obtained the full two loop the baryon number violating
RGEs which we could compare with results in ref [14]. We have realized that we have
made some mistakes at previous paper; here we have generalised the latter results
to include lepton number violating terms, and take the opportunity to correct some
errors in Ref [14].
5 Conclusions
In this work, we have presented the full two-loop β-functions for all couplings for
the RPV MSSM. In previous papers [14, 23, 24], we have studied the effects of some
RPV couplings up two-loop RGEs corrections; there we have made a Form program
to calculate some of two loop RPV β-functions as well as RPC β-functions. however
we have not calculated explicitly the full two-loop β functions for R parity violating
MSSM couplings.
Typically, we expect effects of the two loop β-functions make a difference of several
percent in compare with effects of one loop on the standard running analysis such as
Higgs physics and the scalar quark sector of the MSSM; however it is quite difficult to
make consequential estimates of the size of the two-loop corrections without commit-
ting to a specific model. Moreover it is desirable from the point of view of consistency
to use the full set of β-functions. In any event, we hope that the full set of β-functions
for the most general R-parity violating version of the MSSM could be used in the
future analysts.
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